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SYSTEM CONTROL 

MODULE 

VMEl10 MICROCOMPUTER SYSTEM BASIC SUB·ELEMENTS 

VME/10 SYSTEM BLOCK DIAGRAM 

---DISPLAY UNIT 
(Motorola version May be 
supplied by OEM for specialized 
needs) 

--- CONTROL UNIT CHASSIS 

(Motorola verSion. May be 
supplied by OEM for specialized 
needs) 

• USABLE AS SYSTEM 
DRAM IF GRAPHICS 
NOT BEING USED 

----------------------------, 
I 

GRAPHICS I 
DRAM' I 

I 
I 
I 
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The character generator RAM is Initialized with the 
standard ASCII character definitions, but can be mod
ified by the user to define alternate special symbols 
required by the application The font is 8 x 16 in a 10 
x 24 character field for the medium resolution mono
chrome display and 8 x 10 in a 10 x 12 character field 
for the normal resolution/color display. 

Two alternate modes of pixel graphics operation 
are available on the VME/1 0 System: the Group Access 
Mode and the Pixel Access Mode. The application 
determines the most appropriate mode to use The 
Group Access Mode, so-called because a small group 
of contiguous pixels may be accessed simultaneously, 
utilizes three separate, contiguous banks of memory 

Each bank represents a primary color for color 
applications, or an Intensity level for monochrome ap
plications The graphics display buffer RAM block in 
the memory map is organized so that the first third of 
the graphics RAM locations is Bank 1, the second third 
of the graphics RAM is Bank 2, and the third IS Bank 
3. This organization allows the MPU to change 8 or 16 
contiguous pixels on the screen at one time in one 

color/intensity bank. This mode IS particularly useful 
for drawing bar graphs, color filling and object, or 
blanking the screen 

The graphics RAM is accessible in another mode 
called the Pixel Access mode. In the Pixel Access 
Mode, read/Write hardware exists to allow the proces
sor the ability to change one pixel at a time (per mem
ory cycle) in all three banks In this mode the processor 
uses only word accesses, and writes a speCial "pixel 
access word" to addresses defined In n9n-exlstent 
memory. 

The organization of the Pixel Access Word IS as 
shown in Figure 3 

The Pixel Access Mode IS oriented toward draw
ing lines or changing a portion of a display. The mask 
bits allow the user to avoid disturbing the contents of 
a given plane (or planes) while changing the contents 
of another plane (or planes) ThiS technique minimizes 
the software design effort required and improves sys
tem performance It further eliminates the necessity to 
rewrite data Into bank addresses when the data re
mains unchanged. 

FIGURE 3 - PIXEL ACCESS WORD FORMAT DEFINITION 

15 14 13 12 11 10 9 8 76543 

VMEbus AND 1/0 CHANNEL MODULE EXPANSION 
CARD CAGE OPTIONS 

2 o 

VME/10 
CONFIGURATION 

Up to 5 
--VMEmodules 

__ Upt04 
I/Omodules 
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B The Mass Storage Subsystem consists of a disk 
controller board, plus one 5%" Floppy Disk Drive Unit 
and one 5%" Winchester Disk Drive Unit The Floppy 
Disk Dnve affords storage of 1 0 Mbyte unformatted 
(655K byte formatted) capacity, Incorporating reliable 
dual-density, dual-sided 96 TPI technology, The as
sociated Winchester disk drive unit IS available In two 
storage capacities, depending on the specifiC VME/1 0 
System model 

Option #1 - 19 1 Mbyte Unformatted Capacity 
(15 Mbyte Formatted) 

Option #2 - 51 9 Mbyte Unformatted Capacity 
(40 Mbyte Formatted) 

C An Expansion Card Cage IS provided With card 
plug-In access from the rear panel of the Control Unit 
ChaSSIS ThiS combination VMEbus and I/O Channel 
Card Cage, With 5-slot VMEbus backplane, 
accommodates up to five double Eurocard format 
VMEmodule boards, plus up to four single Eurocard 
format 110moduies All necessary I/O channel cabling 
and connectors are Installed to serve the four I/O chan
nel card slots ThiS card cage IS standard With the 19 1 
and 51 9 Mbyte Winchester disk model 
Note A 5 Mbyte formatted Winchester disk With 5-slot 

Single Eurocard card cage is available for spe
clalorders Consult factory for more Information 

These card cages allow convenient system ex
pansion and customizatlOn through addition of I/O 
Channel and VMEbus compatible cards, Common ap
plications are additional global system memory, senal 
and parallel ports, analog conversion functions, and 
IEEE-488 Interface to Intelligent Instrumentation 

DISPLAY UNIT 
The monochrome Video display is a 15" (diagonal) 

monochrome unit with antiglare, P39 (green) phosphor 
screen A 14" (diagonal) RGW color monitor with long 
persistence phosphor is available as an option, The 
Display Unit IS mounted on a tilt and swivel stand that 
allows freedom of movement In vertical and horizontal 
directIOns ThiS configuratIOn conforms to all ergo
nomic standards in order to Increase user comfort and 
productiVity, 

The standard ASCII character set with 8 x 10 char
acters With lower case descenders in a 10 x 12 font 
IS used over a 25 line x 80 character display in normal 
mode 800 x 600 pixel medium-resolutIOn graphics, 
800 x 300 pixel low-resolution graphics, or a combi
nation of characters and graphiCS may be displayed 
The character set and attributes displayed can be eas
Ily changed by altenng the contents of the character/ 
attribute static RAM, Underlining, blinking, user
defined masks and Window capability are program
mable optIOns Characters or IndiVidual pixels can be 
displayed In any of seven levels of the gray scale on 
the monochrome display 

KEYBOARD 
The keyboard IS connected to the Control Unit 

ChaSSIS via a senallink using a COiled telephone cable 
With qUick disconnect "modular" connectors The key
pad consists of a full ASCII character set With Inter
changeable keycaps, 16 function keys for selection of 
pre-defined program sequences, a 7-key cursor/tab 
control pad and a 10-key numeric pad, The keyboard 
IS also designed to conform to all ergonomic design 
principles 

VME!10 SYSTEM KEYBOARD 

AA MoTOROLA 

I~."=': ' 
'. II, 

sju,. 
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VME/10 SYSTEM SOFTWARE 

SYSTEM V/68 OPERATING 
SYSTEM SOFTWARE 

SYSTEM V/68 OPERATING ENVIRONMENT 

1;\:'''''' PROCESSING 

SYSTEM V/68 OPERATING SYSTEM 
The System V/68 Operating System IS the stan

dard UNIX-derived Operating System for the M68000 
family of microprocessors It offers a small compact 
kernel, which provides process scheduling and I/O 
faCilities to all programs. In addition, a powerful corn
mand shell for interactive system controls and an ex
tensive set of utility programs for many tasks, such as 
program development, text processing, electronic 
mail, and networking support are included 

TEXT PROCESSING 
Text processing utilities include the ex/vI full

screen editor, NROFF and TROFF text formatters, a 
spelling checker, and prograrns for formatting tables 
and mathematical equations. The ex/vI editor supports 
a large number of existing termrnals, including the Mo
torola EXORterm 155, through the use of the term cap 
terrnlnal data base Termcap entrres for new terminals 
rnay be added by the user 

LANGUAGES 
As an integral part of System V/68, C Language 

is offered C Language has developed into one of the 
most popular comrnercial prograrnmlng languages, 
and IS used frequently In developing portable appli
cation software. System V/68 offers Significant en
hancements to C Language, along With several new 
language utilities. CXREF, a new cross reference pro
gram, and CFLOW, a new flow analYSIS program, are 
Just two of the new utilities offered. System V/68 also 
includes a FORTRAN 77 compiler as well as an 
M68000 assembler and linker/loader. 

COMMUNICATIONS 
Systern V/68 utilities provide support for electronic 

mail, communications, and networking. Electronic mall 
allows users to communicate with one another, uSing 
the system as a mailbox or as a bulletin board The 
communications utilities allow a System V/68 user to 
communicate to rnainfrarne computers. Networking 
support allows several computers to be linked to
gether, either through dedicated links or by dial-up 
telephone connections. With these utilities, Motorola 
development system users can communicate With one 
another. In addition, target systerns may be developed 
With Similar capabilities. In System V/68, Interprocess 
communications routines have been added These In
clude shared memory, messages, and semaphores 
Also included is an IPC/remove command which re
moves rnessage queues, sernaphores, and shared 
memory Identifiers frorn the system. 

PROGRAMMER'S WORKBENCH 
The Programmer's Workbench utilities support the 

developrnent of large software systems In a profes
Sional manner They Include the Source Code Control 
System (SCCS), which provides facilities to store, up
date and retrieve all versions of source code modules, 
YACC, which generates parsers; LEX, which builds 
lexical analyzers, and other utilities which enhance 
prograrnrner productivity and the quality of work 

MEMORY REQUIRED 
In addition to the standard 384K, SYSTEM V re

quires the addition of one 256K Byte VMEbus RAM 
module Order part number MVME201. 
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VME/10 SYSTEM SOFTWARE (Continued) 

VERSAdos OPERATING SYSTEM 
AND DEVELOPMENT TOOLS 

To achieve most efficient use of the varied system 
resources provided by the VME/10 Microcomputer 
System, efficient system control and management soft
ware IS required. This need IS met superbly by the 
VERSAdos Operating System and ItS related family of 
development tools and utilities for the M68000 and 
M6800 MPU families. VERSAdos incorporates a mod
ular, multilayer design supporting a variety of appli
cation enVIronments, and IS especially well-suited to 
real-time control system and applications. Since it pro
vides a convenient, friendly Interface between the user 
and the system resources, Including a wealth of de
velopment support software, VERSAdos has emerged 
as the operating system enVIronment of choice for in
creasing numbers of system developers who are in
corporating the Motorola 8 and 16-blt microprocessor 
families Into various end applications VERSAdos IS 
particularly well-suited to providing a common host/ 
target environment, thereby minimizing the task of sys
tem integration. 

As packaged with the VME/1 0 System, the com
plete basIc VERSAdos operation environment in

cludes, in addition to the basic operating system, an 
M68000 Family Structured Macro Assembler, Sym-

bolic Debugger, CRT-Oriented Text Editor, and 
M68000 Family Linkage Editor. In addition, a Diag
nostics package, TEN bug, IS provided for use in help
Ing to isolate suspected hardware system problems. 

VERSAdos OPERATING SYSTEM CAPABILITIES 
VERSAdos IS a multitasking, multiprogramming 

system executing on the MC68010 MPU in the VME/ 
10 Microcomputer System. Programs execute in dy
namically-assigned, variable-length segments with 
read/write privileges. Instructions and data are lo
cated In separate memory segments. 

The heart of VERSAdos is the RMS68K Real-time 
Executive which provides task services and supports 
memory management. It also allows Inter-task com
mUnication, provides exception monitor facilities, and 
handles system interrupts. 

The Input/Output (I/O) Subsystem of VERSAdos 
supports device independence, logic 110, overlapped 
computation, and physical I/O. Both sequential and 
random record access are supported by VERSAdos. 

The powerful VERSAdos File Management System 
supports three file structures - contiguous, sequential 
length, and indexed sequential. Other file system fea
tures Include disk and file protection, shared file ac
cess, dynamic file allocation, and fixed or active pro
tection 

VERSAdos OPERATING ENVIRONMENT 

Optional M68000 
Utilities Structured 

Macro 
Assembler' 

M6800 Assembler 
M6804 Assembler 
M680S Assembler 
M6809 Assembler 
M6809 Pascal Compiler 

I 
Symbolic 
Debugger' 

Data I/O PROM Programmer Interface 
M68000 Fast Floating POint 
HDS200 Interface 
HDS400 Interface 
BSA Interface 

I 
VERSAdos 
Real-Time 

Multitasking 
Operating System' 

I 
I 

CRT 
Editor' 

Pascal 
Compiler 

'Included With Mass Storage peripheral on appropriate media. 

I 
Linkage 
Editor' 

FORTRAN 
Compiler 

I 
Optional 
Language 
Support 
For 
MC68000 

MC68000/68010 
Independent 
Software 
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Compiler 
(Planned) 

• 



• 

VME/10 SYSTEM SOFTWARE (Continued) 

VERSAdos OPERATING SYSTEM AND DEVELOPMENT TOOLS (Continued) 

RESIDENT STRUCTURED ASSEMBLER 
The M68000 Resident Structured Macro Assem

bler translates source statements into relocatable ma
chine code, assigns storage locations to Instructions 
and data, performs auxiliary assembler actions des· 
Ignated by the programmer, and optionally produces 
a cross reference listing The M68000 Resident As
sembler Includes macro and conditional assembly 
capabilities, plus certain "structured programming" 
control structures such as "for, repeat, while" (loops) 
and "if-then, If-then-else" (conditional branches) 

SYMBOLIC DEBUGGER 
The Symbolic Debugger (SYMbug) program IS 

used to debug other programs whose source code IS 
written in Motorola's structured Macro Assembler for 
execution on the M68000 Family MPU's. The language 
processors, in cooperation with the linkage editor, sup
ply information to SYMbug. This permits the user to 
describe the debugging requirements to SYMbug in 
terms close to the language In which the source pro
gram was written. SYMbug allows the user to debug 
In symbolic terminology SYMbug allows the user to 
perform the following: 
• Examine, insert, and modify program elements such 

as instructions, numeric values, and coded infor
mation (I.e., data in all its representations and for
mats). 

• Control execution, including the insertIon of brcal~
points Into a program and request for breaks or 
changes in elements of data 

• Trace execution by displaYing Information at des
ignated points in a program. 

• Search programs and data for specifiC elements 
and subelements. 

• Create macro commands allOWing user-defined for
mats and commands 

CRT TEXT EDITOR 
The CRT-oriented Text Editor provides the capa

bility to create and modify source programs The editor 
supports both command and page editing, utilizing 
the cursor control keys, control characters, and func
tion keys of the VME/10 keyboard to insert, alter, or 
delete characters and lines within a user text file. 

LINKAGE EDITOR 
The Linkage Editor provides the capability of con

verting one or more separately-compiled oblect untls 
into a loadable object module file. The Editor deter
mines segment attributes, calculates address space, 
searches libraries, resolves extemal references, relo
cates object code, and issues error messages. At the 

end of a linkage process, the editor prints a report that 
contains a module map, a table of extemally-deflned 
symbols, and any unresolved or multiply-defined 
symbols. 

TEN bug DIAGNOSTIC PACKAGE 
The purpose of the TEN bug Diagnostics Package 

IS to verify the overall functionality of the VME/10 sys
tem by exposing itto a set of off-line tests. The package 
prOVides a diagnostic monitor and two levels of di
agnostics The first level is the firmware resident 
power-up/reset test and the second level IS comprised 
of disk reSident diagnostics for more extensive hard
ware testing and symbolic assembly/disassembly de
bugging. The governing guideline for TENbug is to 
proVide a user-friendly, comprehensive test and de
bug package that Will isolate a malfunction to a func
tional block and at least down to the faulty module. 

OPTIONAL LANGUAGE SUPPORT 
OPTIMIZING PASCAL COMPILER 

Pascal is a high-level, user-oriented language for 
the MC68000/68010 MPU, based on the language as 
defined by Nlklaus Writh. Pascal IS a highly structured 
language which promotes good programming tech
niques, IS self-documenting, and ItS user-oriented 
statement forms simplify program writing ExtenSions 
provided by Motorola include· Address specification 
for variables, alphanumeric labels, string types, exit, 
non-decimal Integers, runtime error checking, runtime 
file assignment, and separate compilatIOn and linking. 
The optimizer produces compact efficient code. li
brary routines include both IEEE floating pOint and a 
single precision fast (multiply: 44 microseconds) float
ing point 

FORTRAN COMPILER 
The FORTRAN Compiler translates source pro

grams written In FORTRAN into MC68000 machine lan
guage, object code. FORTRAN IS a high-level pro
gramming language widely used for scientific and 
engineering problem solVing With features also use
ful for certain business-related applications. 

MC68000/68010 INDEPENDENT SOFTWARE 
SOURCES 

A broad range of independent software suppliers 
support Motorola's 16/32 bit microprocessors. See the 
latest issue of the "Motorola Microprocessor Software 
Catalog" for a list of applicable software and ad
dresses of Independent suppliers. 
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VME/10 SYSTEM SOFTWARE (Continued) 

CP/M-6SK OPERATING SYSTEM 
CP/M-68K extends the popular CPIM operating 

system to the Motorola MC68000 family of micropro
cessors, It is a high performance single user, single
tasking operating system CP/M-68K IS ideal for the 
business user - it is easy to learn and use, CP/M-68K 
also features a flexible application program interface 
and powerful system utilities combined With a C com
piler to provide a complete software development en
vironment 

CP/M-68K Includes a fast, reliable file system It 
has a time tested, modular design which allows It to 
be easily customized to run in a particular hardware 
environment. System dependent Input/output device 
handlers are located In a module called the BasIc In
put/Output System (BIOS), The BIOS interfaces to the 
logical, hardware Independent portion of the operating 
system, and is the only module which differs from ma
chine to machine, 

The RAM resident portion of CP/M-68K IS small, 
requiring about 40K bytes of memory Its size is de
pendent on the size of the BIOS The actual size of 
the customized BIOS is dependent on the number of 
peripheral devices in the system, Although, It is com
pact, CP/M-68K can manage up to 16 Mb of RAM, 
and up to 16 disk drives, making It a good match for 
today's MC68000-based microcomputer systems 

CP/M-68K Operating System features the follow-
ing, 

• CPIM and CP/M-86 Compatible 

• Supports from 64K bytes to 16 Mbytes of RAM 
• Supports from 1 to 16 disk drives of up to 512 

Mbytes for a maximum of 8 gigabytes of on-line 
storage 

• Languages including C, Pascal MT +, and CBASIC 
Compiler 

• Standard CPIM utilities including PIp, ED, DDT, 
STAT, SUBMIT, and DUMP 

• Multiple Programs can co-exist in RAM 
• ReSident System Extensions 
• Allows full access to the VME/10 
• Cross Development Tools including: 

- A C compiler and C run-time library compatible 
With UNIX software 

- An assembler which supports standard Moto
rola MC68000 assembly language 

- A linker which produces both relocatable and 
absolute load modules 
An object module librarian 
A utility to convert CP/M-68K load modules to 
Motorola S-Record form 
A relocation utility to convert reloeatable load 
modules to absolute form 
A utility to list the symbol table contained in a 
load module file 
A utility which prints the memory size required 
by the load module 

These tools can run on any CP/M-6SK system with 
at least 128K of memory, 

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS 
Characteristic Specification 

Overall Dimensions Control Unit Display Keyboard 

Length 22,8" (57,9 em) 150"(38,1 em) 8,3" (21,1 em) 
Height 7,0" (17,8 em) 13,0" (33,1 em) 2,0" ( 5,1 em) 
Width 19,0" (483 em) 14,0" (35 7 em) 19,0" (48,3 em) 

Weight 351bs (161 kg) 15 Ibs (6,9 kg) 5 Ibs (2,3 kg) 

Power Requirements 90-132/180-264 Vae 50-60 Hz Power: Control limit - 500 Watts; 
Color Display - 60 Watts 

Temperature 
Operating 10°_40°C 
Storage 10°_47°C 

Humidity 20%-80% Non-Condensing 

DC Power available 23 A @ 5 Vde, 4 A @ - 12 Vde, 6 A @ + 12 Vde 
for VMEmodules and 
1/0 modules 
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ORDERING INFORMATION 

STANDARD SYSTEM CONFIGURATIONS 
Part Number 

Features M68Kl02Bl 'M68Kl02Cl M68Kl02Dl M68Kl02B2 

Control Unit Chassis 15 Mbyte 40 Mbyte 40 Mbyte 15 Mbyte 
I/O Channel Card Slots 4 4 4 4 
VMEbus Backplane Slots 5 5 5 5 
14" Color Display Unit - - X -
15" Monochrome Display Unit X X - X 
VMEl10 System Keyboard X X X X 
VERSAdos Operating-System and X X X X 

Development Tools 
TENbug Debug/Monitor X X X X 
Winchester Seek Time (ms avg) 70 33 33 70 
Electrical Characteristics 115 Vac 115 Vac 115 Vac 230 Vac 

60 Hz 60 Hz 60 Hz 50 Hz 
Note Motorola software IS supplied under license agreement 

'M68Kl02C2 M68Kl02D2 

40 Mbyte 40 Mbyte 
4 4 
5 5 
- X 
X -
X X 
X X 

X X 
33 33 

230 Vac 230 Vac 
50 Hz 50 Hz 

·When this hardware configuration IS Intended to be used with SYSTEM VISS Operatmg System Software an MVME2Q1 VMEbus RAM module must be pur
chased 

SOFTWARE OPTIONS FOR VERSAdos OPERATING SYSTEM 

M68WXBPASCAL M68000 Pascal Compiler on 5%" Diskette 
SPD Only 

M68K1XBDIOPP Data I/O Software Interface on 5%" Diskette 
SPD Only 

M68VKXSVMEBUG VMEbug Source and Relocatable Object Modules on 5%" Diskette 
SPD Only 

M68V9XBPASCAL M6809 Cross Pascal Compiler on 5%" Diskette 
SPD Only 

M68VCXBASM M6800104/05/09 Cross Macro Assembler on 5%" Diskette 
SPD Only 

M68WXBABSFTN M68000 FORTRAN Compiler on 5W' Diskette 

M68VKXBPTOM PDP-11 to 68000 Translator on 5%" Diskette 
Note Requires Software License Aqreement apollcable to the IndiVidual c;oftWArp producf 

OPERATING SYSTEM OPTIONS 
Part Number Description 

M68NNXBSV10 SYSTEM V/68 software supplied on 5%" diskette SYSTEM V/68 Includes the following 
object code modules. 

- M68000 SYSTEM V/68 Operating System 

- Motorola M68000 C Language Compiler, Assembler, and Linker 

- Full set of SYSTEM V/68 documentation 

- Graphics Support 

Object code will be supplied as bootable load modules, and as relocatable, partitioned, 
and unlinked modules so that the OEM can reconfigure the SYSTEM V/68 operating 
system without purchaSing source code. In addition, a sample source code driver IS 
included. 

M68K 11 XBCPM68K CP/M-68K software supplied on 5%" diskette, CP/M-68K includes the following. 

- CP/M-68K Operating System 

- CP/M Compatible 

- C Language 

- Cross Development Tools 

- Standard CP/M Utilities 
Note It IS Intended that SYSTEM V/68 software be used With the 40 MB option Also required IS a 256K Byte VMEbus RAM Module Order part number 

MVME201 
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ORDERING INFORMATION - Continued 

MODULAR EXPANSION OPTIONS - VMEbus COMPATIBLE 
Part Number Description 

MVME025 System Controller 

MVME050 System Controller 

MVME101 Monoboard Microcomputer 

MVME110-1 Monoboard Microcomputer 

MVME115 Monoboard Microcomputer 

MVME120 Monoboard Microcomputer with 4K Bytes CACHE 

MVME200 64K Dynamic RAM with Byte Parity 

MVME201 256K Dynamic RAM with Byte Parity 

MVME202 512K to 2048K Dynamic RAM with byte parity 

MVME211 Static ROM/RAM Module 

MVME300 High Performance IEEE-488 GPIB Controller with DMA 

MVME310 Intelligent Controller for Custom Interfacing 

MVME315 Intelligent Floppy Controller/SASI Interface 

MVME320 Winchester/Floppy Disk Controller 

MVME330 Ethernet LAN Controller 

MODULAR I/O EXPANSION OPTIONS - 1/0 CHANNEL COMPATIBLE 
Part Number Description 

MVME400 Dual RS-232C Serial Port 

MVME410 Dual 16-blt Parallel Port 

NOTE. ThiS rnodule recornmended for Printer Interface port applications with the VMEI 
10 System 

MVME420 SASI Adapter 

MVME435A Buffered 9-Track Magnetic Tape Adapter 

MVME600 12-Blt Analog Input Module 

MVME601 16 Channel Expander for MVME600 

MVME605 12-Blt Analog Output Module 

MVME610 Opto-Isolated 120V/240 Vac Input 

MVME615/616 Opto-Isolated 120V/240 Vac Output 

MVME620 Opto-Isolated 60 Vdc Input 

MVME625 Opto-Isolated 60 Vdc Output 

MVME701/702 I/O Translation for use with MVME050 

MVME935 Remote I/O Channel Extender Cable Connection Module 

REMOTE I/O CHANNEL MODULES 
M68RAD1 Remote Intelligent Analog Conversion Module 

M68RI01 Remote Input/Output Solid State Relay Module 
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ORDERING INFORMATION - Continued 

INSTRUMENTATION OPTIONS - 16-BIT EMULATORS 
Part Number Description 

M68KHDS400A HDS-400 Control Station for use with RS-232C serial interface to VMEll0 host system. 
For 90-120 V, SO/60 Hz operation. 

M68KHDS402A Same as M68KHDS400A, except for 220 V, SO Hz operation. 

M68KHDS16FB 16-bit M68000 Family Interface Module 

M68000HDS4 MC68000 Emulator Module (12.S MHz) 

M68008HDS4-8 MC68008 Emulator Module (8.0 MHz) 

M68010HDS4-8 MC68010 Emulator Module (8.0 MHz) 

M68KHDS4-2 HDS-400 System Software for use with VMEll 0 host and VERSAdos Operating System 
Software on S2" floppy diskette . 

. . 
Note: For additional HDS-400 product details and ordering Information, see the HDS-400 data sheet 

INSTRUMENTATION OPTIONS - 8-BIT EMULATORS 
Part Number Description 

M68HDS201 HDS-200 Control Station, for 90-120 V, SO/60 Hz operation. 

M68HDS202 Same as M68HDS201, but for 200-260 V, SO Hz operation 

M6804P2HM MC6804P2 Emulator Module 

M680SP234HM MC680SP2, P4, P6, MC6870SP3, PS Emulator Module 

M680SRU23HM MC680SR2, R3, U2, U3, MC6870SR3, RS, U3, US Emulator Module 

M680SS2HM MC680SS2 Emulator Module 

M680ST2HM MC680ST2 Emulator Module 

M68HCOSC4HM MC68HCOSC4 Emulator Module 

M14680SE2HM MC14680SE2 Emulator Module 

M14680SF2HM MC14680SF2, MC146870SF2 Emulator Module 

M14680SG2HM MC14680SG2, MC146870SG2 Emulator Module 
.. Note: For additional HDS-200 product deta.lls and ordeqng InformatIon, see the HDS-200 data sheet 

INSTRUMENTATION OPTIONS - BUS STATE ANALYZERS 
Part Numbar Description 

M68BSAC Bus State Analyzer Control Module 

M68BSA1-l MC68000/68010/684S1 Personality Module 

M68BSA2 MC6800/6802/6808/6809/6809E/6828 Personality Module 

M68BSA3 MC68008 Personality Module 

M68BSA4 MC6801/6803/68120/68701 Personality Module 

M68BSAS VERSAbus Personality Module 

M68BSA6 EXORbus Personality Module 
.. 

Note: For additional Bus State Analyzer product details, and ordering information, see the related BSA Control 
Module and Personality Module data sheets. 

SUPPLEMENTAL DOCUMENTATION 
Part Number Description 

M68MVMEBS/D VMEbus Specification Manual 

M68RIOCS/D2 1/0 Channel Specification Manual 

68-M68KVSHDVl N2 VMEll0 Hardware Documentation Volume 1 and Volume 2. 

Contact your local Motorola Semiconductor Sales Office for additional ordering information. 
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VME/10 OEM 
CONFIGURATION GUIDE 

The VME/1 0 computer system IS offered In two basIc configuratiOns Including software development tools, operating system, 
Motorola user gUides, etc However, an OEM that IS supplYing the VME/1O to his end customers In quantity might not want 
our manuals or software with each and every Unit For Instance, the OEM may purchase one copy of SYSTEM V/68 , add value 
to the hardware and software and offer this product to his customer Basically, the following gUide allows the OEM to pick 
and choose the optional VME/10 components along with VMEbus and I/O channel expansion options and personalize a 
system to meet his market needs 

START CONTROL UNIT CHASSIS DISPLAY UNIT 
HERE 

15 MB WINCHESTER :ORDER M68K10CU2 15" MONOCHROME :ORDER M68K10DU1 
40 MB WINCHESTER 'ORDER M68K10CU3 ~ 14" COLOR ,ORDER M68K10DU2 ~ 

(No Manuals Included) (No Manuals Included) 

KEYBOARD OPERATING SYSTEM 

~ --.. VERSAdos ,ORDER M68VKXBVERDOS ~ 
SYSTEM KEYBOARD ORDER M68K10KB1 SYSTEM V/68 :ORDER M68NNXBSV10 

CP/M-68K ORDER M68K11 XBCPM68K 

VMEbus COMPATIBLE EXPANSION OPTIONS MANUALS 

~ 68000 MICROCOMPUTER ORDER MVME101 - VERSAdos 'ORDER 68-KVDOS 
68000 MICROCOMPUTER ORDER MVME110-1 USER MANUAL :ORDER 68-M68K101-1 
68010 MICROCOMPUTER 'ORDER MVME115 OEM HARDWARE 'ORDER 68-M68KVSHD 
68010 MICROCOMPUTER 'ORDER MVME120 SYSTEM V/68 'ORDER 68-M68KUN 

SYSTEM CONTROLLER ORDER MVME025 
SYSTEM CONTROLLER 'ORDER MVME050 

~ 
64K BYTE RAM ORDER MVME200 

256K BYTE RAM ,ORDER MVME201 
512-2048K BYTE RAM :ORDER MVME202 

RAM/ROM ORDER MVME211 
IEEE-488 ,ORDER MVME300 

CUSTOM CONTROLLER ORDER MVME310 1/0 CHANNEL COMPATIBLE EXPANSION OPTIONS 
FLOPPY/SASI ORDER MVME315 

FLOPPYIWINCHESTER -ORDER MVME320 DUAL RS-232 'ORDER MVME400 
ETHERNET ORDER MVME330 DUAL PARALLEL 'ORDER MVME410 

SASI ADAPTER ,ORDER MVME420 
9-TRACK ADAPTER 'ORDER MVME435A 

ANALOG INPUT 'ORDER MVME600 
ANALOG OUTPUT 'ORDER MVME605 
120 V/240 V INPUT :ORDER MVME610 

120 V/240 V OUTPUT 'ORDER MVME615 
120 V/240 V OUTPUT :ORDER MVME616 

60 V INPUT :ORDER MVME620 
60 V OUTPUT 'ORDER MVME625 

1/0 TRANSLATION ,ORDER MVME701 
1/0 TRANSLATION :ORDER MVME702 

1/0 CHANNEL EXTENDER :ORDER MVME935 

• 
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VMEbus 
Specification 
Summary 

Originally introduced in 1981, VMEbus has become the 
standard high performance bus structure through several 
years of intensive design activity. It is the bus of choice for 
the present and future of microcomputer architecture, sup
porting data transfer rates as high as 24 Mby1es in the ex
panded 32-bit configuration. 

MEbus has a master/slave asynchronous non-multiplexed 
data transfer structure, seven levels of priority interrupt, four 
levels of data bus arbitration and rapid fault detection and 
control for bus, system and AC failures. 

One of the many features of the 32-bit configured VMEbus 
system is that the bus dynamically senses whether 8-, 16-, 
or 32-blt data paths are needed and adjusts automatically. 

VMEbus specifications were Originally developed jointly by 
Motorola, Mostek, and Signetics/Philips and have been ac
cepted by close to 100 manufacturers worldwide. 

In integrating 8-, 16-, and 32-bit system components 
VMEbus is innovative, publicly documented, and eminently 
adaptable to new technologies. LSIIVLSI are providing in
terface and peripheral chip functions that vastly increase the 
functionality/cost ratio of VMEbus modules 

Based on the most popular Eurocard formats With DIN pin 
and socket connectors, VMEbus IS presently being formally 
standardized by both the IEEE (Pl014) and.the IEC stan-
dards organizations. . 

A detailed VMEbus Specification Manual may be ordered 
from the Motorola Literature Distribution Center (Part Number 
MVMEBS/Dl·). 

BASIC VMEbus STRUCTURE 

The VMEbus interface system consists of four groups of 
signal lines called "buses," and a collection of "funcllonal 

VMEbus 

modules" which can be configured as required to interface 
devices to the buses. The functional modules communicate 
with one another by means of bus signal lines provided by 
a backplane. 

The interface functions of the VMEbus have been divided 
into four categories. Each functional category consists of a 
bus and associated functional modules which work together 
to perform specific duties within the system interface. Figure 
1 illustrates the individual functional modules and buses con
tained within the VMEbus definition, and each category is 
briefly summarized below. 

Data Transfer- Devices transfer data over the Data Trans
fer Bus (DTB) which contains the data and address path
ways and associated control signals. Functional modules 
called "DTB MASTERS" and "DTB SLAVES" use the DTB 
to transfer data between each other. 

DTB Arbitration - Since the VMEbus system may be con
figured with more than one DTB MASTER, a means must 
be provided to transfer control of the DTB between MAS
TERS In an orderly manner and to guarantee that only one 
MASTER controls the DTB at a given time. Bus arbitration 
is the area of the VMEbus specification which defines the 
Signals (Arbitration Bus) and modules (DTB REQUESTERS 
and DTB ARBITER) to perform the control transfer. 

Priority Interrupt - The priority Interrupt capability of the 
VMEbus prOVides a means by which devices can request 
interruption of normal bus activity and can be serviced by 
an interrupt handler These Interrupt requests can be prior
itized into a maximum of seven levels. The associated 
fU!1ct!ona! modules are called !NTERRUPTERS and 
INTERRUPT HANDLERS, which use signal lines called 
the Interrupt Bus. 

Utilities - The system clock, initialization, and failure de
tection have been grouped into the category of utilities. 
The utility bus includes a clock line, a system reset line, a 
system fail line, and an AC fail line. 

*ReVISlon 01 was current at the time of pnntlng of thiS document 
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SPECIFICATION TERMINOLOGY 

In some bus specifications, the protocol is treated on an 
abstract level. For example, It might be said that Device A 
"sends a message" to Device B. While this does allow a 
protocol to be defined in an application independent manner, 
the VMEbus specification is more closely related to the phys
ical implementation. It describes the protocol in terms of levels 
and transitions on bus lines. 

Signal Line States 
A signal line is always assumed to be in one of two levels 

or in transition between these levels. Whenever the term 
"high" is used, it refers to a high TTL voltage level 
('" + 2.0 V). The term "low" refers to a low TTL voltage 
level ('" + 0.8 V). A signal line IS "In transition" when its 
voltage is moving between + 0.8 V and + 2.0 V. 

There are two possible transitions which can appear on a 
signal line, and these will be referred to as "edges." A rising 
edge is defined as the time period during which a signal line 
makes its transition from a low level to a high level. The falling 
edge is defined as the time penod during which a signal line 
makes its tranSition from a high level to a low level 

Use of Asterisk (.) 
To help define usage, Signal mnemonics have an astensk 

suffix where required: 

• An asterisk (0) follOWing the Signal name for Signals which 
are level significant denotes that the Signal is true or valid 
when the signal is low. 

• An asterisk (0) following the Signal name for Signals which 
are edge significant denotes that the actions initiated by 
that signal occur on a high to low transition. 

Note The asterisk IS inappropriate for the asynchronously runmng clock line 
SYSCLK There IS no fixed phase relationship between thiS clock line 
and other VMEbus timing 

PROTOCOL SPECIFICATION 

Each VMEbus functional area - such as data transfer, bus 
arbitration, and priority interrupt - is defined via protocol 
specifications. Functional modules are defined for each area 
(Figure I), and a protocol is defined for each module. The 
protocol is a set of rules governing the interaction of the 
module With the VMEbus. A functional module communicates 
with another module by driving/receiving bus signals. The 
protocol governs these communications by determining: 

- when a module may drive and change the level of bus 
signals, and 

- when and how a module must respond to a bus signal. 

Bus signals can be generally discussed in two classifica
tions: 

• Interlocked Bus Signals 

• Broadcast Bus Signals 

Interlocked Bus Signals 
An Interlocked bus signal IS sent from a specific module to 

another specific module. The signal must be acknowledged 
by the receiving module. An interlocked relationship exists 
between the two modules until the signal IS acknowledged. 
For example, an interrupt REQUESTER can send a signal 
asking for an interrupt. That signal must be answered at some 
time with an interrupt acknowledge signal (no time limit IS 
prescribed by the VMEbus specification). 

Interlocked bus signals are dedicated to coordinating in
ternal functions of the VMEbus system, as opposed to Inter
acting with external stimUli. Each Interlocked signal has an 
internal source module and destination module. Also, these 
signals have timing specifications associated with them to 
assure proper bus operation. 

Of significant importance are the interlocked bus signals 
used to coordinate transfer of addresses and data. Addresses 
and data cannot be considered "Signals" in the strictest sense 
because they are not "sent" from one device to another. 
Instead, they are "placed" on a bus, while a separate bus 
signal (called a strobe) is sent to indicate their presence on 
the bus. The actual addresses or data have no effect on the 
protocol - that is, the speCific address or data on the bus 
does not affect the strobe; however, the timing sequence (i.e., 
set-up time) between the specific address or data being 
placed on the bus and the sending of the accompanying 
strobe signal Is important. Whenever this relationship IS im
portant, it is emphasized in the protocol definition. 

An example of a pair of interlocked Signals is DSO° (or 
OSlO) and DTACK*, which provide interlocking between an 
addressed SLAVE and the active MASTER. 

Broadcast Bus Signal 
A broadcast bus signal can be placed on the bus by a 

module in the system in response to an external event. There 
is no prescribed protocol for acknowledging a broadcast sig
nal. Instead, the broadcast is maintained for a minimum spec
ified time period long enough to assure that all appropriate 
modules will detect the signal. Broadcast Signals may also 
be monitored from outside the system to gain information 
about system status. The broadcast signal can be given at 
any time, irrespective of any other activity taking place on 
the bus. 

Since the broadcast Signal has no interlocked relationship 
with other bus signals, a dedicated line must be provided for 
each broadcast signal type. These lines are used for functions 
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FIGURE 1 - Functional Modules and Buses Contained Within 
the VMEbus Definition 
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such as system reset and power failure sequencing. These 
activities also differ from interlocked signals because the 
modules that generate broadcast signals do not address an
other specific module, but announce special conditions to all 
modules. 

VMEbus DATA TRANSFER 

Introduction 
The VMEbus contains a high speed asynchronous parallel 

Data Transfer Bus (OTB). The OTB is used by a processor 
or Direct Memory Access (OMA) device to select the desired 
peripheral or memory location and to transfer data to or from 
that location. The OTB can be logically subdivided into ad
dress, data, and control line groups. The number of Imes m 
each of these groups varies with the particular VMEbus op
tions selected by the user. There are four sets of OTB related 
options: 

08,016, or 032 
A16, A24, or A32 
BTO(n) 
SEQ 

Data path width 
Address path width 
Bus Time Out 
Sequential Access 

DTB Options - Basic Description 
An option 08 SLAVE can read or write only eight bits at a 

time on 000-007. An option 08 MASTER must be capable 
of reading or writing on either the 000-007 or 008-015 
data lines, but only eight in anyone transfer. 

Option 016 specifies that all data transfer activities sup
jjUiled by ihe modUle Will be restncted to eight or sixteen 
bits. Option 032 specifies that the module (MASTER or 
SLAVE) will be capable of domg LONGWORO (32-bit) data 
transfers. Option 032 also requires an expanded bus system. 

An option A 16 MASTER can place only short address mod
ifier (AM) codes and IS-bit addresses on the bus. An option 
A16 SLAVE will decode only address lines AOl-AI5, and it 
will respond only when a short address AM code is presented. 

Option A24 specifies that all addresses generated by the 
MASTER or decoded by the SLAVE will be restncted to either 
15-, or 23-bits depending upon the AM code presented. 

Option A32 allows the use of 31-bit addressing also. In this 
case the address modifier lines indicate to SLAVES whether 
the address is 15-, 23-, or 31-bits. (Option A32 also requires 
an expanded bus system.) 

For a MASTER which generates its own bus time-out, or 
for a bus time-out module, option BTO (n) specifies that the 
module will abort a data transfer cycle aiter "n" microseconds 
if no response is received from a SLAVE. This protects 
against bus lockups caused by an invalid address or a mal
functioning SLAVE. 

An option SEQ MASTER can request a sequential access 
transfer. An option SEQ SLAVE will respond to a sequential 
access transfer. 

DTB Operation 
Each data transfer on the OTB occurs between a functional 

OTB MASTER and a functional OTB SLAVE. The data trans
fer is initiated by the OTB MASTER. The addressed SLAVE 
must then acknowledge the transfer. The asynchronous na
ture of the OTB allows the SLAVE to control the amount of 
time taken for the transfer. After receiving the transfer ac
knowledge, the OTB MASTER terminates the data transfer 
cycle. 

Data Transfer Bus Lines 
Depending on the options chosen, the MASTER must drive 

the following lines: 

15, 23, or 31 address lines 
(AOI through A 15 if option A 16) 
(AOI through A23 if option A24) 
(AOI through A31 if option A32) 

6 address modifier lines 
(no change with any opllOn selected) 

Address Lines 
The smallest addressable unit of storage is capable of 

storing eight bits of binary data. Each 8-bit group is called a 
"byte," and the location In which the byte is stored is called 
a "byte location." Two consecutive byte locations (even byte 
address and the next higher sequential odd byte address) 
are called a "word location" A MASTER accesses a byte or 
word location by placing its binary "word address" on the 
address bus. The address Imes on the bus are numbered 
starting with AOI Instead of AOO to emphasize the fact that 
byte location addressing is done with data strobe lines instead 
of an "AOO" line. 

Address Modifier Lines 
The address modifier lines allow the MASTER to pass 

additional information to the SLAVE during data transfer. This 
information may be used in several ways. 

System Partitioning 
SLAVES in the system may be configured (either dynam

ically or statically) to respond to a single address modlfer 
code. If there are several MASTERS on the VMEbus, each 
may be assigned a code to be used when accessing the 
SLAVES. This allows the system to be partitioned and re
duces the likelihood that a single malfunctioning MASTER 
will take the whole system down. 
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Memory Map Selection 
SLAVES may be designed to respond at different ad

dresses, depending upon the address modifier received. This 
allows the MASTER using the bus to place the system re
sources in selected map locations (or eliminate them from 
the map) by providing different address modifier codes. 

Privileged Access 
Because SLAVES could be designed to respond to some 

address modifiers and not to others, it is possible to establish 
a large number of privilege levels. Each MASTER would pro
vide an address modifier indicating its privilege level when 
accessing a SLAVE. If the SLAVE did not receive an appro
priate AM code, It would not respond. 

Cycle Type 
The AM codes can be used to specify a special type of 

transfer cycle. The VMEbus specifies one special cycle type. 
The user could use additional codes to specify others. ThiS 
special cycle type IS a sequential access cycle. There are 
four sequential access (ascending access) AM codes, and 
when one of these is placed on the bus, the memory boards 
In the system latch the address into a counter and increment 
the counter after each odd-byte, word, or LONGWORO trans
fer. (Increment = 1 for odd-byte, 2 for word, and 4 for LONG
WORO.) 

DistrIbuted Memory Management 
Memory management logic is often used in systems to 

allocate and translate memory segments dynamically. A col
lection of these segments is assigned to each acllve task. 
Each time the real-time executive sWitches from one task to 
the next, It must either change the contents of the segment 
registers or select another set of segment registers (the latter 
approach being much faster). 

Address modifier codes may be used as segment register 
selectors. In this case, the MASTER places AM codes on the 
bus which indicate to memory management logic on the slave 
boards which set of segment registers should be used. 

Addressing Range 
The VMEbus provides 31 address lines to allow direct ad

dressing to over four billion bytes. For most SLAVES, how
ever, the ex1ra logic required to decode all 31 address lines 
is a needless expense. For thiS reason, the VMEbus defines 
three address ranges: 

Short addreSSing 
Standard addressing 
Ex1ended addressing 

64K bytes 
16M bytes 

4G bytes 

A group of address modifier codes is set aSide for each 
type of addressing. SLAVES receiving a short address AM 

code Ignore the upper 16 address lines (A 16-A31). SLAVES 
receiving a standard address AM code ignore the upper eight 
lines (A24-A31). When receiVing an extended address AM 
code, the SLAVE decodes all 31 address lines. 

Slave boards which do not decode address lines A24-A31 
should not respond to extended address AM codes. Slave 
boards which do not decode address lines A 16-A31 should 
not respond to either extended or standard AM codes. 

Data Transfer Lines 
Oepending on the options chosen and the type of data 

transfer, the source of the data (MASTER or SLAVE) must 
drive the following data related lines: 

8, 16, or 32 data lines 

(000 through 007/008 through 
015 if option 08) 

(000 through 015 if opllOn 016) 
(000 through 031 if opllon 032) 

A word transfer requires the driVing of data lines 000 
through 015. On a LONGWORO transfer, data lines 000 
through 031 are driven. Note that word transfers always use 
the lower 16 lines (I.e., 000 through 015), while byte transfers 
use different lines for odd and even bytes (i.e., 000 through 
001 or 008 through D15). 

Only LONGWORO transfers use lines 016 through D31. 
There are two word addresses for each LONGWORO. When 
LONGWORO transfers take place, the address presented IS 
the even word address of the LONGWORO location (A01 is 
low). When accessing the data stored in a LONGWORO lo
cation on a word basis, the even word address (A01 low) 
corresponds to the LONGWORO data bits 016 through 031. 
Likewise, the structure of the bytes Within a word have the 
even byte (selected by OS1') as the most significant eight 
bits of the word. 

Data Transfer Control Lines 
The MASTER will drive the follOWing lines: 

AS' Address strobe (On all transfers) 
OSO' Odd data byte strobe (Each is operation 
OS1' Even data byte strobe dependent, but at 

least one must 
always be driven) 

LWORO' LONGWORO select (Operation dependent) 
WRITE' ReadlWrite select) (Operation dependent) 

The SLAVE Will always drive the following lines: 

BERR' Bus error (If data transfer is not 
possible) 

OTACK' Oata acknowledge to (If data transfer was 
MASTER successful) 
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AS' is the address strobe. It informs all SLAVE modules 
that the address is now stable and may be clocked into hold
ing registers. 

DSO' and DS1* select the data to be transferred and, on 
a write transfer, strobe the transferred data. DSO' low means 
that the byte which would be addressed with AOO (if It eXisted) 
set high (the odd byte) IS to be found on data lines DOO 
through DO? Likewise, DS1* low means that the byte which 
would be addressed with AOO set low (the even byte) is to 
be found on data lines DOB through D15. These two lines 
replace the function that AOO would perform but they also 
allow two bytes to be transferred simultaneously which would 
not be possible with Just an AOO line. The sender (MASTER 
for a write cycle; SLAVE for a read cycle) IS not prohibited 
from driving the data lines which are not being strobed. The 
receiver should ignore any and all levels andlor transitions 
which occur on non-strobed data lines. 

LWORD' specifies that 32 bits will be transferred on data 
lines DOO through D31 

DTACK' IS driven by the SLAVE to indicate that the data 
was successfully received on a write cycle. On a read cycle 
the SLAVE uses DTACK' to indicate that the data has been 
read from memory and has been placed on the data bus. 

BERA' is driven by the SLAVE to Indicate that data was 
not written on a write cycle or that It could not be retrieved 
on the read cycle. 

lACK' is the Interrupt acknowledge line. During data trans
fers, it may be driven high by MASTERS or will be pulled 
high by the bus terminators, appearing as a high level to all 
SLAVES. If lACK' IS low, the cycle IS not a data transfer cycle 
and SLAVES should not respond. 

Functional Modules 
The modules involved in a data transfer are always class

ified as a MASTER and a SLAVE. The MASTER IS the module 
controlling the transfer, and the SLAVE is the responding or 
addressed module. Some boards may be designed with both 
MASTER and SLAVE modules. For example, a board con
taining a processor which requires VMEbus access would 
contain a MASTER module. If the same board also contained 
memory accessible from the VMEbus, II would also contain 
a SLAVE module. 

Bus Arbitration Philosophy 
As microprocessor costs decrease, it is becoming more 

cost effective to design systems with multiple processors 
sharing global resources. 

The most fundamental of these global resources is the data 
transfer bus through which all other global resources are 
accessed. Therefore, any system supporting multiprocessing 
must provide an allocation method for the data transfer bus. 
Because speed of allocation of the data transfer bus is vllal, 

a hardware allocation scheme must be provided. The VME
bus meets this need with ItS Bus Arbitration subsystem. 

The VMEbus arbitration subsystem IS designed to: 

• Prevent simultaneous access of the bus by two MASTERS. 

• Schedule requests from multiple MASTERS for optimum 
resource use. 

The logic used to implement the bus allocalJon algorithm 
is called the ARBITER. It IS the ARBITER's responsibility to 
respond to requests for the bus and to optimize usage by 
proper control of the allocation process. 

ARBITER Options 
The ARBITER used to control the arbitration system may 

be one of three options. An option PRI (Priority) ARBITER 
always assigns the bus on a fixed priority baSIS wherein each 
of four bus request lines are assigned fixed priorities from 
highest (BR3') to lowest (BRO'). An option RRS (Round Ro
bin Select) ARBITER assigns the bus on a rotating priority 
basis. If the current bus MASTER is level "n," the highest 
priority will be given to level "n-l" and proceed sequentially 
from there. An option ONE (Single level) ARBITER only hon
ors requests on BR3' and relies on the daisy-chain structure 
for priority determination. 

ARBITER Operation 
Except for OPTION ONE ARBITERS, the bus arbiter ac

cepts requests for the bus on four request lines, which are 
driven by open-collector drivers so that several MASTERS 
can share a common request line. Each request line has a 
corresponding grant daisy-Chain line (BG3IN'IOUT' through 
BGOIN'IOUr). If the bus IS Idle when a request IS received 
the ARBITER will immediately respond on the grant line cor
responding to the level of request pending. When that MAS
TER then relinquishes the bus, the ARBITER will respond 
with a grant to the highest pending level of request. If no 
requests are pending at the time the currently active MASTER 
relinquishes control, the ARBITER will wait in the idle state 
until a bus request is received. 

In addition to the ARBITER allocating the bus on an as
signed basis, a secondary level of prioritization IS burlt into 
the bus itself. The bus grant signals are daisy-chained in such 
a way that REQUESTERS sharing a common request line 
are prioritized by slot position. The REQUESTER closest to 
slot one has the highest priority. 

OPTION ONE ARBITERS respond only to bus request 3 
(BR3*) and depend on the daisy-chain of BG31N'/BG30Ur 
to do the prioritizing. 

Arbitration Bus Line Structures 
The arbitration bus consists of six bused VMEbus lines and 

four broken or daisy-chained lines. These daisy-chained lines 
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require special signal names. The signals entering 
REQUESTERS are Identified as "Bus Grant IN" lines 
(BGxlN"), while the signals leaving the REQUESTER are 
Identified as the "Bus Grant OUT" lines (BGxOUr). There
fore, the lines which leave slot N as BGxOUr enter slot N + 1 
as BGxIN'. 

Note In all descnptlons, the terms BRx*, BGxIN", and BGxOUP are used to 
descnbe the bus request and bus grant lines, where x may have any 
value from zero to three 

In the VMEbus arbitration system, a REQUESTER will 
drive the following lines: 

bus request line 
bus grant out line 

bus busy line 

(one of BRO' through BR3') 
(one of BGOOUr through 

BG30Ur) 
(BBSY') 

If a VME board does not use some bus request levels, it 
must jumper the respecllve bus grant in lines to their re
spective bus grant out lines. 

The ARBITER Will drive the following: 

bus clear line 

4 bus grant in lines 

(BClR') (OPTION PRI 
ARBITER only) 

(BGOIN" through BG3IN' 
at slot AI) 

An OPTION ONE ARBITER drives only BG31N" at slot AI. 
Two additional lines are intimately connected with the 

power-up and power-down sequencing of the arbitration sys
tem. These are: 

system reset line 
AC power fall 

(SYSRESET') 
(ACFAll') 

PRIORITY INTERRUPT 

Interrupt Philosophy 
Interrupt subsystems may be divided into two groups: 

• Single handler systems - have a supervisory processor 
which receives and services all bus interrupts. 

• Distributed systems - have two or more processors which 
receive and service bus interrupts. 

The Single handler system architecture IS, perhaps, easier 
to understand because of its similarity to single processor 
systems. Any system which has interrupt capability must have 
a set of interrupt servicing routines in its executive software. 
Each of the routines may be thought of as a task which is 
activated by an interrupt. If the system has a real-time ex-

ecutive, these interrupt routines would then operate as tasks 
under thiS executive. 

In a single processor or single handler system, the exec
utive software and all of the interrupt routines are executed 
by one processor. 

Single Handler Systems 
This type of architecture is well suited to machine or pro

cess control applications. The dedicated processors are the 
ones typically interfaced to the machine or process being 
controlled, so it is important that their processing is inter
rupted as little as possible by bus activity. 

The dedicated processors In the system are typically con
trolling some external machine or process. The task of con
trolling this machine or process may consist of several sub
tasks, some of which are noninterruptable (i.e., loss of control 
may result If the task once started is not finished within a 
specific lime). Therefore, the dedicated processor may mask 
some or all of its interrupts While executing these non
Interruptable subtasks. 

To summarize, in a dedicated system, the supervisory pro
cessor is the destination for all bus interrupts. ThiS allows It 
to service all interrupts in a prioritized manner. The dedicated 
processors are not required to service Interrupts from the 
bus, but give primary attention to the interrupts received from 
the machine or process which they control. 

Distributed Systems 
This type of architecture is well suited to applications where 

incoming tasks may be assigned to the next available pro
cessor. Each of the co-equal processors executes part of the 
system executive software, and services only those interrupts 
directed to it by other processors within the system Since 
the servicing of some of these interrupts may reqUIre access 
to system resources, the parts of the executive software must 
communicate through globally accessed memory in order to 
allocate resources and resolve lock-ups. 

Signal Lines Used In Handling Interrupts 
The data transfer bus, the arbitration bus, and the interrupt 

bus are all used in the process of generating and handling 
bus interrupts. 

Interrupt Bus Signal Lines 
The interrupt bus consists of seven interrupt request signal 

lines, one daisy-chain signal line, and one interrupt acknowl
edge line: 

IRQ1' 
IRQ2' 
iRQ3' 
IRQ4' 
IRQ5' 

IRQ6' 
IRQ7' 
lACK' 
IACKIN'/IACKOUr 
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Each interrupt request line may be driven low by an 
INTERRUPTER to request an interrupt. In a single handler 
system, these interrupt request lines are prioritized, with 
IRQ7* having the highest priority. 

The IACK* line runs the full length of the bus and is con
nected to the IACKIN* pin of slot A1. When It IS driven low, 
it initiates a low-going transition down the INTERRUPT 
ACKNOWLEDGE DAISY-CHAIN. This may not occur im
mediately, since additional constraints are placed on the 
propagation of IACKIN*/IACKOUT*. 

INTERRUPT ACKNOWLEDGE DAISY-CHAIN -
IACKIN*/IACKOUT* 

Each of the seven interrupt request lines may be shared 
by two or more INTERRUPTER modules. Because of thiS, 
some method must be provided to assure that only one of 
the modules is acknowledged. This is done by means of the 
INTERRUPT ACKNOWLEDGE DAISY-CHAIN. This daisy
chain line passes through each board on the VMEbus. When 
an Interrupt is acknowledged, IACKIN* is driven low at slot 
A 1. Each module which is driving an interrupt request line 
low must wait for the low level to arrive at its board slot before 
accepting the acknowledge. The module accepting the ac
knowledge does not pass the low level down the daisy-chain, 
thereby guaranteeing that only one module will be acknowl
edged. 

VMEbus UTILITIES 

Introduction 
Utility lines supply periodic timing signals and provide ini

tialization and diagnostic capability for the VMEbus. Utility 
lines include: 

System Clock 
AC Fail 
System Reset 
System Test 

(SYSCLK) 
(ACFAIL*) 
(SYSRESET*) 
(SYSFAIL*) 

ACFAIL* and SYSRESET* are typically driven by a 
POWER MONITOR module. Its purpose is to detect power 
failures and reset the system upon power up, Initiating a 
power-up self-test. 

Utility Signal Lines 

System Clock (SYSCLK) Specification 
The system clock is an independent, non-gated, fixed fre

quency, 16 megahertz, 50 percent (nominal) duty cycle sig
nal. it can be used to generate on-board delays or timing 
functions where a fixed duration delay will be generated by 
counting off a known time base. SYSCLK has no fixed phase 
relationships with other VMEbus timing. 

System Initialization and Diagnostics 
System Reset (SYSRESET*) is an open collector line dri

ven by a POWER MONITOR module and/or by a manual 
switch (such as from an operator's panel). Failure of a system 
test is shown via the system fail line (SYSFAIL*). It IS rec
ommended but not required that all boards within the VME
bus system drive this system fail line low upon power up, and 
maintain it low until they have passed their respective self 
tests. Non-intelligent boards which are incapable of self test 
could maintain this line low until a MASTER In the system 
completes a test on them and writes to their on-board test 
register. Whenever SYSRESET* is driven to low, it must be 
held there for a minimum period of 200 milliseconds. 

After SYSRESET* is released, the system software exe
cutes a test sequence. Upon successful completion of testing, 
all boards in the system release SYSFAIL * and go Into the 
normal operating mode. The SYSFAIL*line IS not allowed to 
go high if any board detects a failure. 

SYSFAIL* can also be driven low at any time during normal 
operation as the result of a detected system failure. As an 
example, an intelligent board may periodically perform an on
board self-test and drive SYSFAIL* low if a failure occurs. 

VMEbus ELECTRICAL CONSIDERATIONS 

Introduction 
The transmission of data inside the basic rack between 

VME boards such as processors, memories and I/O units, 
takes place via a single backplane in 24-bit address/16-bit 
data systems and via two backplanes in 32-blt address and/ 
or 32-bit data systems. These backplaneS are characterized 
by the following features: 

• Maximum signal line length = 19" (50 cm) including con
nection to termination networks 

• Maximum number of slots (loads) = 20 (excluding 
terminations) 

• Provision for the distribution of power ( + 5 STDBY, + 12 V, 
-12 V) 

• Termination networks at each end of the bus 

All VME boards are interfaced to the VMEbus via circuits 
which must follow the rules to ensure proper timing and min
imize noise and crosstalk problems. VMEbus signal lines are 
normally driven by saturated logic (TTL) drivers, although any 
technology which complies with this specification may be 
used. 

Power Distribution 
Power in a VMEbus system is distributed on the backplane 

as regulated direct current (dc) VOltages. The available volt
ages are described as follows: 
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Maximum 
Ripple Noise Connector Current 

Variation Below 10 MHz Pin Draw Per 
Mnemonic Description (see note) (PK-PK) Numbers Slot 

+5 V + 5 Vdc standby +0.25/-0.125 V 50 mV a32,b32,c32 3A 

+12 V + 12 Vdc power +0.601-0.36 V 50 mV c31 lA 

-12V -12 Vdc power -0.601-1+.36 V 50 mV a31 1A 

+5 V STDBY + 5 Vdc standby +0.25/-0.125 V 50 mV b31 lA 

GND ground Ref a9,11,15,17,19 
b20,23 

c9 

Note The non-symmetnc vanatlon spec IS given to ensure that the de power will remam within the tolerance required by most Ie's despite any drops resulting 
from power distribution on Individual VME boards 

Electrical Signal Characteristics 
Other than power supply lines, all VMEbus signals are 

limited to positive levels between 0 and 5.0 volts. 

- 0.0 V ~ Driver low output level ~ 0.6 V 

- 0.0 V ~ Receiver low input level ~ 0.8 V 

- 2.4 V ~ Driver high output level ~ 5.0 V 

- 20 V ~ Receiver high input level ~ 5.0 V 

Figure 2 gives a simple graphic representation of these 
levels. 

FIGURE 2 - VMEbus Signal Levels 

----------------------VCC 

2.94 V ------------ V (Terminator) 
High Level ~

5'OV 

:::~ 1/J////////////////!m~; ~:--j ~~~~~~;~~~~ 

-1 0.8 V 

Low Level 0.6 V 
//////111M 1111111 //h VVIL min ~ ~~~~~~;~~~ 

OL max 

0.0 V ------------- Ground 

Depending on the function required, the VMEbus uses 
three-state, open collector, and totem-pole drivers. 

Bus Driving Requirements 
The bus signals fall into five classes: 

• The special (high-current) three-state class: 

- The handshaking signals AS', DSO', DSI' 

• The standard three-state classes: 

- A01 .. A31, DOO .. D31 

- The transfer status signals AMO .. AM5, lACK', 
LWORD', WRITE' 

• The special (high current) totem-pole class: 

- System utilities SYSCLK, BCLR' 

• The standard totem-pole class which includes: 

- The daisy-chain signals BGOOUT'-BG30UT' 

- The interrupt daisy-chain line, IACKOUT' 

• The open collector class which includes: 

- The bus allocation signals BRO'-BR3', BBSY' 

- The interrupt signals IRQO· ... IRQ7· 

- The response Signals DTACK' and BERR' 

- SYSFAIL', SYSRESET', and ACFAIL' 
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Backplane Signal Line Interconnections 
The VMEbus is an asynchronous, high speed bus intended 

for high performance systems. The backplane signals must 
be treated as transmission lines. The address and data set
up times specified take into account the fact that drivers avail
able on the market today may not drive the signal line above 
the high level threshold until a reflection is received from the 
end of the bus. It is important, however, to control the signal 
reflections to minimize ringing. The follOWing paragraphs 
specify the backplane characteristics which do this. 

Termination Networks 
A standard termination IS used on each end of all VMEbus 

signal lines except daisy-chain lines. The termination serves 
four purposes: 

• Reduces reflections from the ends of the backplanes . 

• Provides a high state pull-up for open-collector drivers. 

• Discharges the line when three-state deVices are disabled. 

• Provides a standing current for the driver sink transistor to 
switch, helping to drive the transmission lines on positive 
transitions. 

The Thevemn eqUivalent of the standard termination IS 

shown in Figure 3. One possible resistor network configu
ration which achieves this is also shown. Resistor values and 
source voltage of the Thevenin equivalent must be 5% tol
erance maximum. 

Note The example termination presents Its Thevenln eqUivalent Impedance 
only when the +5 V source IS adequately decoupled to ground, capac
ItOrs between 001 and 0 1 ,.,.F are recommended as close as pOSSIble 
to the Vee pin of the resIstor termination packages 

FIGURE 3 - Standard Bus Termination 

5V +5V -, r- R = 194 V = 294 Vdc 

330n I I 330n 
1-----1 
I I 

Signal Line ~ I I _ I 
470n I I 470n L _____ -~ 

_--.J I I 
~ ----;- Theveln EqUivalent 

ReSistor Network For Each Terminator 
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MECHANICAL SPECIFICATIONS 

Introduction 
Figure 4 is a simplified drawing which shows the physical 

relationships between the components of a typical VMEbus 
system. VME boards are inserted into the card rack in a 
vertical position from the front of the system. The board com
ponents are to the right and the "PI" Connector is on the 
top. 

VME Board Sizes and Dimensions 
There are two sizes of VME boards: single high and double 

high. (See Figure 5.) The single high board has only one 96-
pin DIN connector (PI) on its "back edge." When 1/0 signals 
must be connected to single high boards, they are connected 
to the front of the board. No standard connectors are pre
scribed for these connections. A double height board typically 

has two connectors on its back edge. The top connector (PI) 
is a 96-pin 603-2-IEC-C096-M connector while the bottom 
(P2) may be a similar 96-pin connector or may be some other 
DIN standard connector. The 96-pin connector must be used 
when the board is designed to use P2 for address and data 
bus expansion. 

Front Panels 
There are mechanical specifications for the single and dou

ble height VME board front panels. Where screws are used 
to secure the top and bottom of the panels to the board 
enclosure, the thread must be M2.5. Quarter-turn fasteners 
are acceptable alternatives but they must be mountable in 
the holes specified. All front panels are 2.5 mm thick. 

Front panels may be designed for widths other than 20.32 
mm (0.8 inch) but these must be integer multiples (N) of 5.08 
mm. 

FIGURE 4 - VME Chassis, Typical Configuration 

Single 
VME Board 

00 

Solder Side 
20-Slot "PI" Backplane 
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Single High Front Panels 
The grid format on the rear face of the front panel is stan

ardized to provide an attractive frontal appearance and 
achieve consistency with the board grid. Wherever possible, 
front panel components such as LED's and switches should 
be centered on a grid point. 

Double High Front Panels 
The grid format on the rear is consistent with the board 

grid and is used to standardize the location of the front panel 
components for appearance sake. 

A handle is provided in the center of the double height front 

panel so that when double and single VME boards share the 
same subrack, the top row of handles will form an unbroken 
line. 

Filler Penels 
Filler panels are sometimes used where the backplane 

positioning requirements cause a gap in the front panel or 
where boards with different width panels are used. These 
filler panels require no mounting brackets because they are 
not attached to the PC boards. They are secured to the en
closure by screws at their top and bottom ends. 

FIGURE 5 - VME Double and Single Height Boards 
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Backplane 
The primary backplane is designated as the Jl backplane. 

In many cases this is the only backplane in the VME system. 
When a double high sub-rack is used, this backplane is 
mounted In the upper portion. When the expanded VMEbus 
is used, a second backplane, designated the J2 backplane, 
must be installed below the Jl backplane in the lower portion 
of the rack. 

Note. The J2 backplane typIcally does not bus all slots across the bottom of 
the rack Some of the slots are usually lett unbussed to provIde 110 
support 

Card slots are designated A01, A02 ...... An, slot numbenng 
starting from the left when viewed from the front of the back
plane. The daisy-chain propagation must start with AOI and 
go to An. 

Bussing on the J2 level backplane IS reqUired only on the 
center row (row B of contacts, pins 1 through 32). 

The use of 603-2-IEC-C096-F ... connectors on VME 
backplanes is mandatory. 

If the Jl backplane connectors have wirewrap pins, these 
may be used to jumper the daisy-chain signals for slots which 

are currently empty. Otherwise, pins must be provided on the 
backplane for this purpose, and should be designated JB21 
for pin B21 jumper, etc. Thus, to bypass a slot on the interrupt 
daisy-chain requires a jumper from JB21 to JB22. It is rec
ommended that all of the daisy-chain jumpers for a slot be 
positioned next to the connector for that slot. See Figure 6. 

Backplane Construction Techniques 
Many backplane construction techniques are available to 

the designer. Backplane construction can be of a multilayer 
laminated or unlaminated (sandwiched) design. The un lam
inated design is composed of multiple discrete, two-sided, 
glass epoxy boards separated by mylar insulators. The 
boards and mylar insulators are held together, using high 
force press fit connectors. This process provides a gas-tight 
connection between the contacts and the plated-through hole 
in each board. One layer provides the voltage plane, and still 
another layer is the ground plane. Connectors are press fitted 
into the boards and the mylar insulating sheets form the multi
layer backplane. 

A second possible backplane construction technique is to 
laminate the boards. This lamination process bonds the 
boards and insulating layers together. Connectors are then 
inserted into the backplane and soldered. 
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I 
FIGURE 6 - VMEbus Backplane 
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VMSbus 
Multiprocessor 
Serial 
Communications 
Bus 

• Provides Separate Path for Communlcaling the Occur
rence of an Event Between Multiple Processor Modules 

• Allows for Fault Tolerant System Design 

• Provides for Intelligent Semaphore Control for Shared 
Resource Allocation 

• Uses Token Passing (up to 1024 Tokens) with Low Soft
ware Overhead 

• Provides Low-Cost Alternative Bus 

• 3.2 MbitiSec. Transfer Rate 

SERIAL BUS LINES 

The serial bus includes three lines (included In the VMEbus 
backplane): Serial Clock (SERCLK), Serial Data (SERDAr), 
and System Reset (SYSRESET*). 

SYSRESEr used to initialize all modules on the serial 
bus. 

SERCLK is driven by a high-current totem-pole driver from 
the SERIAL CLOCK module, of which there IS one per sys
tem. 

SERDAT* is a wired-OR line which can be driven with an 
open-collector driver by any module A "one" on SERDAT* 
results when one or more modules drive it Low. A "zero" 
results when no module is driving SERDAT*, so that the back
plane terminating resistors pull the signal High. 

VMSbus Overview" 
The serial bus is Intended to meet the needs of multipro

cessor systems. The following paragraphs describe some of 
these needs and how the serial bus proVides for them 

THE SERIAL BUS ALLOWS THE 
COMMUNICATION OF EVENTS 

An event could be defined as any Significant occurrence 
which is not a direct, immediate, and normal result of what 

**ThIS summary was prepared from RevISion A, 10/83 of the VMSbus 
specification 

VMSbus 

the processor IS currently doing. For example, If a program 
commands a disk controller to start a transfer, we would not 
consider the fact that the disk controller starts to be an event. 
The completion of the disk transfer is an event. 

We Will diSCUSS events as they Impact multitasking sys
tems In such systems there IS normally a task for each event 
that the system recognizes. When an event occurs, the pro
cessor may be reassigned from execuling one task to ex
eculing another. 

A task can also cause the reassignment of the processor. 
For example, the task which IS currently being executed by 
the processor may need to wait for an event to occur before 
It can proceed In this case It requests system software to 
reassign the processor to other tasks until the event occurs. 
As another example, a task may request that another task 
be executed. Communication between tasks is often done 
through such requests 

There are two kinds of events: those which occur outside 
the processor (external events), and those which occur InSide 
the processor (internal events). External events are com
monly communicated to the processor by means of inter
rupts_ Internal events don't need to be communicated to the 
processor, but they may still cause It to be reassigned to a 
new task. (An example of an internal event IS an attempt to 
divide by zero.) 

Microprocessors have a small number of "Interrupt re
quest" lines that can be used to communicate events to them. 
Since there are usually many pOSSible events, they must all 
share these interrupt request lines. When the processor de
tects an interrupt, it must gather more information In order to 
figure out which event has occurred and which task is to be 
executed. There are several methods for dOing this' polling 
of 1/0 status registers, reading a "vector" from the Interrupting 
deVice, etc. In each case the processor does one or more 
"read cycles" to collect this Information. 

The newer backplane buses have a prOVision for directing 
interrupts to several different processors. For example, VME
bus has seven Interrupt request lines which can each be 
monitored by a different processor. I! a device in the system 
needs to communicate an event to a processor, it can request 
an Interrupt on a line that is mOnitored by that processor. 

But even this approach has its limitations. When a pro
cessor acknowledges (answers) an Interrupt request, the pro
cessor typically must read a vector before assigning Itsel! to 
the new task. I! this IS done as a transfer on the system bus, 
the processor may have to request the bus and wait until It 
becomes available. If other bus masters are uSing the bus, 
this delay may be too long or too unpredictable to satisfy the 
needs of time-critical, high performance applications. Some
times the problem can be solved by rearranging the priorities 
of the various bus masters, but the other masters' needs for 
the bus may be equally or more Important to the performance 
of the system. 
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We conclude from all this that what is needed is a path 
specifically designed for communicating events. To be useful 
in a multiprocessing system, this path must allow any pro
cessor to communicate events to any other, as well as per
mitting other devices in the system to communicate events 
to any of the processors. Such communication is one of the 
primary purposes of the senal bus. 

THE SERIAL BUS AIDS IN "FAULT 
TOLERANT" SYSTEM DESIGN 

Another trend in microprocessor systems IS toward appli
cations which demand "fault tolerance." This Simply means 
that a system must be able to continue operation despite one 
or more hardware failures. One way to satisfy this need is 
by using several processors in a system, and providing ways 
for each processor to observe the operation of all the other 
boards, to detect when one is malfunctioning. Such systems 
can also include hardware registers on each board which 
control the board's backplane bus drivers. If one of the pro
cessors detects a malfunctioning board, it can write Into a 
control register on that board and turn off the board's bus 
dnvers, effectively "disconnecting" it from the backplane. 

The serial bus provides another pathway between boards, 
which can be used to prevent a failed module from Interfering 
with the operation of the system bus. The senal bus can be 
used to disable the drivers of such a board, or direct a board
specific Reset to It. Conversely, If a failed board prevents the 
proper operation of the senal bus, the system bus can be 
used to disable the board's access to the senal bus. 

THE SERIAL BUS PROVIDES FOR 
"INTELLIGENT SEMAPHORES" 

The third primary use of the senal bus IS again related to 
multiprocessor systems. When a system includes multiple 
processors which can simultaneously try to access and use 
a variety of shared resources (parts of the system), some 
means must be found to control this access and use. A simple 
example of such a problem is when two processors simul
taneously set out to use a shared hardware device such as 
a printer or disk. Other cases where Interprocessor control 
is needed include access to: a data file, a data or control 
table in memory, or a section of program code which must 
be used by only one processor at a time. 

The most widely used solution to these problems is the 
"semaphore." A semaphore is simply a location in memory 
which multiple system processors can access, but not si
multaneously. A processor first reads the memory location 
to test whether another processor already has control of the 
shared resource, and then (if not) it writes to the location to 
show that it now has control. The system hardware must 

ensure that these two steps happen Without allOWing any 
other processor to access the semaphore location. The newer 
backplane buses Include proviSions for semaphore opera
tions. 

But if the semaphore will typically stay set for a relatively 
long time, system software and the processor should go on 
to other tasks. In thiS case, on-board hardware must generate 
an interrupt when the semaphore IS cleared so that the pro
cessor can retry the RMW on the system bus. Better stili, the 
on-board hardware can itself retry setting the semaphore and 
interrupt the processor only when It has gained control. An 
example of such a "long term" semaphore would be one 
controlling access to a phYSical device like a pnnter or a disk 

For "long term" semaphores, the senal bus offers a great 
improvement. A processor can turn the entire operation of 
setting the semaphore over to on-board serial bus hardware, 
and be Interrupted only when the semaphore has been set 
and the associated resource is actually available. 

THE SERIAL BUS ALLOWS TOKEN PASSING 
SCHEMES 

Sometimes a system has a group of several interchange
able resources. If semaphores are used to allocate these 
resources, then whenever a resource IS needed, the sema
phores must be polled until one IS found to be available. In 
some cases It may make more sense to have a "token" in 
the system for each of these interchangeable resources, 
which is passed around among its "users" While the resource 
is available, but is retained by a user while it uses the re
source. (Such "token passing" operations can be likened to 
a "daisy chain" in a backplane bus, which has been looped 
back on itself to make a ring.) 

The serial bus allows a large number of such tokens (up 
to 1024) to be created and passed from board to board With 
very little software overhead. 

THE SERIAL BUS PROVIDES A LOW COST 
ALTERNATIVE BUS 

The serial bus is a unique new concept in microprocessor 
system Interfacing. Its capabilities make it very attractive for 
use in complex multiprocessing systems. But in addrtion to 
its power, a serial bus interface can be implemented at lower 
cost than a system bus interface. With the LSI support which 
will soon be available, senal bus hardware can be Imple
mented in a fraction of the board space required for a parallel 
backplane bus. 

Thus the serial bus offers a very attractive alternative to 
use of a parallel system bus for boards which do not require 
a high data rate. It can even be used as the primary system 
bus in some applications. 
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SERIAL BUS OPERATION 
The serial bus interface system consists of two signal lines 

named SERCLK and SERDAT' and six module types called 
HEADER SENDERS, HEADER RECEIVERS, DATA SEND
ERS, DATA RECEIVERS, FRAME MONITORS and a 
SERIAL CLOCK. The SERCLK line is driven by a totem pole 
driver m the SERIAL CLOCK module. The SERDAT' line can 
be driven Low by all SIX module types using open collector 
drivers. When no module drives SERDAT' Low, the bus ter
minating resistors pull It to a High level. The SERDAT' line 
is a Low-True signal (I.e. a "one" is represented by a Low 
level). ThiS fact, plus the open collector characteristics of the 
drivers, results in "logical OR'mg" when data IS placed on 
SERDAT' by more than one module. 

In some cases on-board signals connect modules on the 
same board, but most communication between modules is 
done by sending "frames" on the SERDAT' line. These 
frames are composed of "subframes" which are sent by var
ious modules. A frame is Initiated when a HEADER SENDER 
module sends a "Header subframe." The other modules then 
respond by sending subframes according to a prescribed 
protocol until the end of the frame is reached. 

During the Header subframe transmission, HEADER 
SENDERS are required to sample each bit on the SERDAT' 
line while they are send mg. If a HEADER SENDER detects 
SERDAT' Low when It is sending a "zero" (i.e. when it Isn't 
driving SERDAT' Low), it stops sending. This allows other 
HEADER SENDER(S) to finish sending the Header subframe 
without interference. ThiS method of arbitration allows several 
HEADER SENDERS to start sending frames Simultaneously, 
without affecting each other's transmissions. (One of the 
transmissions will be successful while the others are tried 
again later.) 

Serial bus modules are found on board m groups. The 
followmg are the most common groups: 

TYPE 1) A HEADER SENDER and a FRAME MONITOR 
TYPE 2) A HEADER RECEIVER and a flip-flop 
TYPE 3) A HEADER RECEIVER and a DATA SENDER 
TYPE 4) A HEADER RECEIVER and a DATA RECEIVER 
TYPE 5) A HEADER RECEIVER, a DATA SENDER, and 

a DATA RECEIVER 

A TYPE 1 group is used to initiate frames by sending a 
"Header subframe." The Header subframe specifies what 
other modules will participate in the frame transmission by 
providing two ten bit "selection codes." Each HEADER 
RECEIVER on the serial bus has a ten bit code which It 
compares with the two codes in the subframe. If its code 
matches either of them, depending on the type of group the 
HEADER RECEIVER is in, it responds by changing the state 
of its flip-flop, by telling its DATA SENDER to send, or by 
telling its DATA RECEIVER to receive. 

USING THE SERIAL BUS TO TRANSFER 
DATA 

The HEADER SENDER can determine whether there is a 
frame in progress from the FRAME IN PROGRESS signal 
generated by its FRAME MONITOR. If there is no frame in 
progress it can initiate one by sending a Header subframe. 
This subframe has a ten bit "S field" and a ten bit "R field". 
To transfer data, the HEADER SENDER puts a selection code 
in the S field that corresponds to some TYPE 3 or TYPE 5 
group on the bus, and a selection code in the R field that 
corresponds to some TYPE 4 or TYPE 5 group (The actual 
codes used to select these groups depend on how the system 
software or firmware has configured the system. There are 
no selection codes used exclusively to select TYPE 4 groups, 
etc.) 

Each HEADER RECEIVER on the serial bus compares 
these codes against its code One or more of the TYPE 3 or 
TYPE 5 HEADER RECEIVERS finds a match with the S field. 
It tells its DATA SENDER to send data. In a Similar way, one 
or more of the TYPE 4 or TYPE 5 HEADER RECEIVERS 
finds a match with the R field and tell ItS DATA RECEIVER 
to receive data. 

The actual number of by1es transferred is left up to the 
DATA SENDER. After the HEADER SENDER has sent the 
Header subframe, the DATA SENDER sends a three bit 
subframe indicating the number of bytes It intends to send 
to the DATA RECEIVER, followed by the data by1es. The 
DATA RECEIVER then responds with an indication that It has 
received the data bytes. 

USING THE SERIAL BUS TO SET AND 
RESET FLlP·FLOPS 

When a HEADER SENDER IS used to set or reset a flip
flop, It sends a Header subframe as in the case described 
above. Instead of sending codes for TYPE 3, 4 or 5 groups 
in the Sand R fields, however, it sends the code for a TYPE 
2 group in one of the fields, and a "dummy" code (all ones) 
in the other field. If the frame is intended to set a flip-flop, it 
sends the TYPE 2 code In the S field, and the dummy code 
in the R field. If the frame is intended to reset a flip-flop, it 
sends the dummy code m the S field and the code for the 
TYPE 2 group In the R field. 

When the Header subframe is sent, each HEADER 
RECEIVER in the serial bus compares the codes in the S 
and R fields to its own code. One or more HEADER RE
CEIVER(S) in a TYPE 2 group matches the S (or R) field 
and sets (or resets) ItS on-board flip-flop. 

OTHER USES FOR THE SERIAL BUS 

Groups of serial bus modules like those described above 
can be used as building blocks for very powerful system 
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configurations. For example, the combination of a TYPE 1 
and a TYPE 5 group, on each of two boards, can be used 
by one board to pass an address and read the contents of a 
memory location on the other. TYPE 2 groups can be used 
to reinitialize one or more of the boards in a system, or to 
selectively disconnect a failed board from the system bus. 
TYPE 2 groups can also be used to provide "semaphores" 
which are functionally superior to semaphores in a common 
memory, or to provide "token passing". 

SERIAL BUS FRAMES 

A frame is actually composed of subframes which are sent 
by several modules in sequence whenever a HEADER 
SENDER sends a Header subframe. Depending on the types 
of module groupings that a frame selects, different modules 
drive and receive the variOus subframes, as follows: 

Frames that select TYPE 2 module groups ... 

Subframe Sent By Received By 

Header HEADER HEADER RECEIVER 
SENDER 

Frame Type Nobody (000) HEADER RECEIVER, 
FRAME MONITOR 

Frame Status HEADER FRAME MONITOR 
RECEIVER 

Frames that select TYPE 3, 4 and 5 module groups ... 

SubiraliJe Sent By Received By 

Header HEADER HEADER RECEIVER 
SENDER 

Frame Type DATA SENDER DATA RECEIVER, 
FRAME MONITOR 

Data DATA SENDER DATA RECEIVER 
Frame Status DATA SENDER, FRAME MONITOR, 

DATA DATA SENDER, 
RECEIVER DATA RECEIVER 

Frames that get cancelled ... 

Subframe Sent By Received By 

Header HEADER HEADER RECEIVER 
SENDER 

Frame Type HEADER FRAME MONITOR, 
RECEIVER DATA SENDER, 

DATA RECEIVER 

When a Header subframe is sent, modules on the serial 
bus are selected to interact during the remainder of the frame. 
ThiS interaction can be seen on the serial bus as a sequence 
of subframe transmissions. Depending on what module 
groups are selected, we may see eleven pOSSible kinds of 
frames. 

1. A Flip-flop Set frame 

2. A Flip-flop Reset frame 

3. A Semaphore Set frame 

4. A Token Passing frame 

5. A 1 byte Data Transfer frame 

6. A 2 byte Data Transfer frame 

7. A 0.4 byte Data Transfer frame 

8. An 8 byte Data Transfer frame 

9. A 16 byte Data Transfer frame 

10 A 32 byte Data Transfer frame 

11. A Cancelled frame 

A FLIP-FLOP SET FRAME 

A Flip-flop Set frame contains 4 subframes: 

Frame Frame 
Header Type Status 

S field = TYPE 2 000 010 
R field = all ones 

Jam Bit 

0 

The Heacer sUDirame IS sent oy a HEADER SENDER. 
This subframe has two selection code fields in it: the S field 
and the R field. The Flip-flop Set frame has the selection 
code of a TYPE 2 group in ItS S field and all ones in the R 
field. One (or more) HEADER RECEIVER(S) on the serial 
bus finds a match between the S field code and its own code, 
sets its flip-flop, and responds with 010 in the Frame Status 
subframe. 

A FLIP-FLOP RESET FRAME 
A Flip-flop Reset frame contains four subframes: 

Frame Frame 
Header Type Status Jam Bit 

S field = all ones 000 001 0 
R field = TYPE 2 

The Header subframe is sent by a HEADER SENDER. As 
in the Flip-flop Set frame, this subframe has two selection 
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codes in Its S field and R field. The Flip-flop Reset frame, 
however, has the selection code of a TYPE 2 group in Its R 
field and all ones in the S field. One (or more) HEADER 
RECEIVER(S) on the serial bus finds a match between the 
R field code and its own code, resets Its flip-flop, and re
sponds with 001 in the Frame Status subframe. 

A SEMAPHORE SET FRAME 

A Semaphore Set frame which IS "successful" contains 
four subframes. 

Frame Frame 
Header Type Status Jam Bit 

S field = TYPE 2 000 010 a 
R field = Req. 

Code 

The Header subframe IS sent by a HEADER SENDER. As 
in all frames, thiS subframe has two selection codes in ItS S 
field and R field. The Semaphore Set frame has the selection 
code of a TYPE 2 group In its S field. 

The R field of a Semaphore Set frame contains a ten bit 
code which represents the unique identity of the Requester 
that caused the frame to be sent. System software should 
ensure that two HEADER SENDERS are never allowed to 
send Semaphore Set frames with the same R field code. (In 
a multitasking system, this could be assured by assigning a 
unique Requester number to each task in the system.) The 
uniqueness of these Requester numbers guarantees that if 
two or more HEADER SENDERS try to set the same sem
aphore at the same time, only one of them will survive the 
senal bus arbitration and finish the frame 

A TOKEN PASSING FRAME 

A Token Passing frame which IS "successful" contains four 
subframes: 

Frame Frame 
Header Type Status Jam Bit 

S field = TYPE 2 000 011 a 
R field = TYPE 2 

The Header subframe is sent by a HEADER SENDER. The 
Token Passing frame has the selection code of one TYPE 2 
group in its S field and the code of another TYPE 2 group in 
its R field. 

As with a TYPE 2 group used for semaphore operations, 
the HEADER RECEIVER in a TYPE 2 group used for token 

passing operations will not accept a Set frame if Its flip-flop 
IS already set. In addition, It will not accept a Reset frame 
while Its flip-flop is reset. Whenever such a frame IS sent, the 
HEADER RECEIVER "cancels" the frame. 

A Token Passing frame is sent to simultaneously clear one 
flip-flop and set another. (In effect, it IS passing a "token bit" 
from the flip-flop it resets to the one It sets.) If the flip-flop It 
IS trYing to reset is already reset (Le. it doesn't have a token 
to pass) the frame will be cancelled. Likewise, if the flip-flop 
it is trYing to set is already set (Le. it IS already holding a 
token) the frame will also be cancelled. 

These frame cancellation features ensure that a token bit 
IS never lost or created In the process of moving It from one 
board to another. 

A DATA TRANSFER FRAME 

A Data Transfer frame which IS "successful" contains five 
subframes: 

Frame Frame 
Header Type Data Status Jam Bit 

S field = 001-110 (Vanes) all a 
TYPE 3 or 5 
R field = 
TYPE 4 or 5 

The Header subframe is sent by a HEADER SENDER. As 
In all frames, this subframe has two selection codes In its S 
field and R field. The S field has the selecllOn code of a TYPE 
3 or TYPE 5 group, which Includes a DATA SENDER. Sim
ilarly, the R-field has the selection code of a TYPE 4 or 5 
group, which Includes a DATA RECEIVER. At the conclusion 
of the Header subframe, the selected DATA SENDER(S) 
drive a code on SERDAT* during the Frame Type subframe, 
to indicate how many bytes Will be sent. While It is sending 
thiS code, a DATA SENDER also samples SERDAT'. If it 
samples the value 111 in the Frame Type, the frame is "can
celled", and the DATA SENDER terminates its transmission. 

Except in a Cancelled frame, the DATA SENDER sends a 
Data subframe after the Frame Type subframe. The Data 
subframe may be 1, 2, 4, 8, 16 or 32 bytes long. 

A CANCELLED FRAME 
A Cancelled frame contained only three subframes: 

Frame 
Header Type Jam Bit 

S field = TYPE 2, 3 or 5 111 a 
R field = TYPE 4 or 5 
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The Header subframe IS sent by a HEADER SENDER. It 
may be intended to set a semaphore or transfer data. In the 
former case, the cancelling of the frame indicates that the 
semaphore IS already set. In the latter case, the cancelling 
of the frame indicates that the data transfer cannot be per
formed because one or more of the DATA SENDERS or DATA 
RECEIVERS selected by the Sand R code is not ready for 
the transfer. A selected DATA RECEIVER may not yet have 
"disposed of" data it received in a previous transmission. Or, 
a DATA SENDER may not have been loaded with data to 
send. 

In any of these cases, the HEADER RECEIVER with the 
flip-flop, DATA SENDER or DATA RECEIVER recognizes the 
problem and "cancels" the frame by dnvlng all three bits of 
the Frame Type subframe to "one" (Low). In the case of a 
Data Transfer frame, the selected DATA SENDER(S) sam
ples all three Frame Type bits as ones and doesn't send the 
data bytes. The 111 in the size field tells all selected DATA 
RECEIVERS and all of the FRAME MONITORS on the serial 
bus that there will be no data bytes nor any status. All FRAME 

MONITORS use this fact to signal their HEADER SENDERS 
that the senal bus is available for another frame. The FRAME 
MONITOR with the HEADER SENDER which initiated the 
frame also signals the problem to its on-board logiC. 

A "JAMMED" FRAME 
A "Jammed" frame may look like any of the frames de

scribed above. It differs from them In that (at least) the final 
single-bit "Jam Bit subframe" is one rather than zero as 
shown in the above frames. A Jammed frame occurs when 
one or more FRAME MONITORS in the system detects that 
the senal bus IS "out of frame synchronization" due to an 
error Induced by system nOise, and sends a long senes of 
ones on SERDAT'. A Jammed frame is Ignored by all mod
ules on the serial bus: no HEADER RECEIVER sets or clears 
an associated flip-flop, no DATA SENDER considers itself to 
have sent data, nor does any DATA RECEIVER consider Itself 
to have received data. The frame which was Jammed Will be 
resent aiter the serial bus is "resynchronlzed" 
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VMXbus High-Speed 
Local Memory 
Expansion Bus 

• High-Speed Secondary Memory Path for Multiprocessing 
Efficiency 

• Up to 80 mB/Sec Transfer Rate 

• 32-bit Data Path 

• 16 Mbyte Direct Addressing Range 

• Asynchronous Operation 

• Up to Six Modules in VMXbus Group 

• Allows Module Interconnection by either Ribbon Cable or 
Hard Backplane 

• Accommodates one Primary and (Optionally) one 
Secondary Master 

• VME-based System May Contain Multiple VMXbus Groups 

VMXbus OVERVIEW· 

The VMXbus is a "subsystem bus" which has been de
signed for use with VMEbus. It provides a high speed sec
ondary path which is optimized for connecting up to six boards 
in a subsystem configuration. This subsystem can transfer 
data from board to board over its VMXbus interface without 
waiting for and without burdening the primary bus (VMEbus). 

The structure of the VMXbus can be described from two 
points of view: its physical structure and its functional struc
ture. 

The physical structure of the VMXbus is composed of an 
"expanded" VMEbus card rack, one to six plug-in PC boards, 
and a backplane ribbon cable. The expanded card rack pro
vides both a P1 backplane and a P2 backplane. The P2 
backplane buses only the "b" row of pinS on the three-row 
connectors. (The outer two rows of connector pins are left 
unbused by the P2 backplane: they typically protrude through 
the rear of the P2 backplane as wlrewrap pins and are bused 
for VMXbus use with a ribbon cable which is pushed onto 
the wirewrap pins. This cable has from two to SIX connectors 
on it. The cable buses the two outer rows of pins of adjacent 
P2 connectors allowing the boards In these slots to transfer 
data over the cable. 

"ThiS summary was prepared from ReVISion A, 10/83 of the 
VMXbus specIfication. 

VMXbus 

A board that IS Inserted from the front of the card rack may 
have a VMEbus interface, a VMXbus interface, or both. For 
example, a global I/O board might have only a VMEbus in
terface, a CPU or a memory board might have both, and a 
math processor might have only a VMXbus interface. Any 
board that has a VMXbus Interface uses the two outer rows 
of the J2 connector. 

The use of a ribbon cable to bus the P2 connectors allows 
any group of up to six adjacent slots to function as a sub
system. The user can install two or more cables to create 
several VMXbuses in a single card rack. Each of these 
VMXbus subsystems can operate Independently of the pri
mary system bus (VMEbus) and Independently of each other. 
It also permits some slots to be used for other purposes such 
as I/O signals. 

Functional Structure 

The VMXbus consists of two groups of signal lines, called 
the VMXbus Data Transfer Bus (VMX-DTB), an arbitration 
bus, and a collection of "functional modules" which are con
figured as required to interface devices to these buses. The 
functional modules communicate with one another by means 
of bus signal lines provided by the ribbon cable. 

The VMXbus Data Transfer Bus consists of the data and 
address pathways and associated control signals. Functional 
modules called MASTERS and SLAVES use the VMX-DTB 
to transfer data between each other. 

Since there can be two MASTERS in a VMXbus group a 
means must be provided to transfer control of the VMX-DTB 
between these two MASTERS in an orderly manner, and to 
guarantee that only one MASTER controls the VMX-DTB at 
a given time. The Arbitration Bus is defined to do this. 

VMXbus DATA TRANSFER BUS 

The VMXbus contains a high speed asynchronous parallel 
Data Transfer Bus (VMX-DTB). This VMX-DTB is used by a 
PRIMARY MASTER and a SECONDARY MASTER to select 
SLAVE locations and to transfer data to or from those loca
tions. The PRIMARY MASTER is typically a processor, the 
SECONDARY MASTER is typically an intelligent I/O con
troller, and the SLAVE is typically a memory array. 

Nole The terms PRIMARY MASTER and SECONDARY MASTER are used 
to distinguish between the MASTER that arbitrates the VMX-OTB and 
the MASTER that must request, and be granted, the VMX-OTB before 
uSing .t 
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The VMX-OTB can be logically divided into address, data, 
and control line groups: 

LWORO/A12 -All/A23 (23) Multiplexed Address lines 

000-031 

LAS 

UAS' 

LOS' 

UOS' 

ACK" 

OERR" 

READ 

+ longword (LOS' + UOS' 
provide a 24th bit) 

(32) Data lines 

Lower Address Strobe 

Upper Address Strobe 

Lower (Odd Byte) Data Strobe 

Upper (Even Byte) Data Strobe 

Acknowledge 

Data Error 

ReadlWnte Control 

Data is transferred 8-bits, 16-bits, or 32-blts at a time. Eight 
bit transfers are called "byte transfers" Byte locations which 
are addressed with an even address are called "even byte 
locations" and byte locations addressed with an odd address 
are called "odd byte locations." Byte transfers to even byte 
locations are conveyed by 008-015, and byte transfers to 
odd byte locations are conveyed by 000-007. Sixteen bit 
transfers are called "word transfers." These words are con
veyed by 000-015. Thirty-two bit transfers are called "Iong
word transfers." Longwords are conveyed by 000-031. 

Data is stored into memory 8-, 16-, or 32-bits a time and 
then read 8-, 16-, or 32-bits at a time. Figure 1 shows that 
when the most significant 16-blts of a longword location is 
read from (or written to) the data IS transferred over 000-015 
instead of 016-031 as one might expect ThiS means that 
32-bit wide memory boards must have on-board logiC to 
translate the most significant 16-bits of the memory array to 
the lower 16 data lines of the VMXbus (000-015). 

When 32-bits of data are written they are stored in a single 
longword location. When reading this data 16 bits at a time 
the even word address (AOl = 0) corresponds to the long
word location bits 016-031. 

Likewise ~ two 16-bit words of data are stored in adjacent 
word locations (an even word location and the next higher 
odd word location) they may be read as a longword with the 
even word (AOl = 0) forming the most significant 16-bits 
(016-031). 

Two bytes of data may be stored in each word location. 
The even byte location is the most significant byte of the word 
location. The odd byte is the least significant. The even byte 
is selected when UOS' is driven low by the MASTER, the 
odd byte is selected when LOS" is driven low, and both are 
selected for a word access when both LOS' and UOS' are 
low. 

FIGURE 1 - When a word access is done the 
data is always transferred on 

VMXbus lines 000-015. 

32-81t Wide Memory Array Location 

Even Word Location I Odd Word Location 

VMXbus DOO-D15 

MASTER AND SLAVE MODULES 

J 

All VMXbus MASTERS and SLAVES can do 8-bit and 16-
bit data transfers. Some MASTERS and SLAVES can also 
do 32-blt transfers. MASTERS that can only do 8- and 16-
bit transfers are called 016 MASTERS, while those that can 
also do 32-bit transfers are called 032 MASTERS. SLAVES 
that can handle only 8- and 16-blt transfers are called 016 
SLAVES while those that can also f'land!e 32-bit transfers are 
called 032 SLAVES. 

There are four categories of cycles used to transfer data 
on the VMXbus: single cycles, sequential cycles, indivisible 
single address cycles, and indiVisible multiple address cycles. 
In order to allow VMXbus board vendors to specify which 
categories of cycles their boards can do, the follOWing ab
breviated notation has been developed: 

SGL - Single cycles supported 
SEQ - Sequential cycles supported 
ISA - IndiVisible single address cycles supported 
IMA - Indivisible multiple address cycles supported 

These abbreviations are added, as suffixes, to the data 
width to give a complete description of a board. For example 
a 032 MASTER capable of all cycles would be called a 032, 
SGL, SEQ, ISA, IMA MASTER. 

Note All MASTERS must support, eo a mlnomum, Single cycles All SLAVES 
must support, as a minimUm, single cycles, IndMSlble single address 
cycles, and IndIViSible multiple address cycles 
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016 MASTERS and 016 SLAVES 
The 016 MASTER definition allows 16-blt processors and 

16-bit DMA devices to be interfaced to the VMXbus. The 016 
SLAVE provides 16-blt memory. Since 16-bit processors 
sometimes access memory one byte at a time, 016 SLAVES 
must allow their even and odd byte locations to be accessed 
one byte at a time. Whenever a byte transfer is done to or 
from an odd byte location, It is done over 000-007. When
ever a byte transfer IS done to or from an even byte location 
it is done over 008-015. (Transferring the even and odd 
bytes over the same data lines that are used in 16-bit transfers 
minimizes the multiplexing logic required on the 016 memory 
slave.) 

032 MASTERS and 032 SLAVES 
032 MASTERS can do LONGWORD (32-bit) transfers over 

000-031, but they can also act like 016 MASTERS (I.e. they 
can do byte transfers and word transfers' they do odd byte 
transfers over 000-007, even byte transfers over 008-015, 
and word transfers over 000-015). ThiS means that they 
can access 016 slaves as well as 032 SLAVES. 

032 SLAVES allow each of their locations to be accessed 
one byte at a time, one word at a time, or one longword at 
a time. When doing byte transfers they transfer even bytes 
over 008-015, and their odd bytes over 000-007. When 
doing word transfers they always use 000-015. This means 
that 032 SLAVES must have logic that allows data In the 
upper 16-bits of its 32-bit memory array to be accessed 
through 000-015. Because 032 SLAVES allow access In 
all of these ways they can be accessed by 016 MASTERS 
as well as 032 MASTERS. 

Mixing 016 and 032 MASTERS and SLAVES 
VMXbus systems can be bUilt with mixtures of 016 and 

032 MASTERS and SLAVES. ThiS can be done in any com
bination, and these boards can still communicate data suc
cessfully, with one qualification: If a 032 MASTER attempts 
a 32 read or write on 016 SLAVE that SLAVE must respond 
by driving DERR* low, indicating an error. (The 032 MASTER 
can still transfer data to and from this SLAVE by dOing it 16 
bits at a time.) 

SEQ MASTERS and SEQ SLAVES 
SEQ MASTERS are able to do sequential access cycles. 

Most SEQ MASTERS are DMA controllers, but there is no 
reason why a processor board couldn't be designed to use 
sequential cycles. (e.g. a processor board with a cache might 
read blocks of data using the sequential mode.) 

SEQ SLAVES are able to respond to sequential access 
cycles. During a sequential access cycle a SEQ SLAVE 
latches the initial address from the bus and then Increments 
that address each time data is read or written. Since there 
are actually three types of sequential access cycles (byte, 

word, and longword) the SEQ SLAVE must increment ItS 
internal counter in such a way that the next access results 
in a transfer on the next location In memory. (Since memory 
SLAVES may have 16-, 32- or even 64-blt wide internal mem
ory arrays, the VMXbus spec doesn't dictate how the internal 
address counter IS Incremented.) 

Mixing SEQ and non-SEQ MASTERS and SLAVES 
VMXbus systems can be bUilt with mixtures of SEQ and 

non-SEQ MASTERS and SLAVES. tf an SEQ MASTER at
tempts a sequential cycle on a non-SEQ SLAVE that SLAVE 
Will respond by driving DERR* low, indicating an error. (The 
SEQ MASTER can stili transfer data to and from thiS SLAVE 
by doing single cycles.) 

IMA MASTERS 
IMA MASTERS are able to do indivisible multiple address 

cycles, which allow a VMXbus MASTER to access VMXbus 
SLAVE locations while excluding all other MASTERS from 
access to the same SLAVE locations. All SLAVES must be 
able to handle IMA cycles. Many VMXbus SLAVES are "dual 
ported", allowing VMXbus MASTERS to access their loca
tions through one port and VMEbus MASTERS to access the 
same locations through the second port. These dual ported 
boards must be designed so that whenever they respond to 
an indivisible multiple address cycle on the VMXbus they 
"lock out" all accesses from VMEbus until all of the "reads" 
and "writes" of the cycle are completed. 

DATA TRANSFER CYCLE TYPES 

Putting aside, for the moment, the fact that data may be 
transferred over VMXbus one byte, two bytes, or four bytes 
at a time there are six basic cycle types: 

1. Single write cycle 
2. Single read cycle 
3. Sequential write cycle 
4. Sequential read cycle 
5. IndiVisible single address cycle 
6. Indivisible multiple address cycle 

There are some cases in which a MASTER may direct a 
SLAVE to do something that it cannot do. For example, a 
016 SLAVE may be told to do a 32-bit read, or a non-SEQ 
SLAVE may be told to do a sequential cycle. When thiS hap
pens the SLAVE "aborts" the cycle. This results in six more 
cycle types: 

7. Aborted single write cycle 
8. Aborted single read cycle 
9. Aborted sequential write cycle 

10. Aborted sequential read cycle 
11. Aborted indivisible single address cycle 
12. Aborted indivisible multiple address cycle 
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A SLAVE may acknowledge a cycle from the MASTER and 
then find itself unable to complete the cycle. For example, it 
may detect a parity error when retrieving data from its memory 
array. To indicate this to the MASTER It aborts the cycle 
This sequence results In six more cycle types: 

13. Late aborted single write cycle 
14. Late aborted single read cycle 
15. Late aborted sequential write cycle 
16. Late aborted sequential read cycle 
17. Late aborted indivisible single address cycle 
18. Late aborted indivisible multiple address cycle 

If no SLAVE responds (e.g. the SLAVE has malfunctioned, 
or there is no SLAVE at the address provided) a timer on the 
MASTER board terminates the cycle, resulting m SIX more 
cycle types: 

19. Timed-out single write cycle 
20. Timed-out smgle read cycle 
21. Timed-out sequential write cycle 
22. Timed-out sequential read cycle 
23. Timed-out indivisible single address cycle 
24. Timed-out Indivisible multiple address cycle 

A MASTER may begin a cycle BEFORE It has determined 
whether the location it needs to access IS on the VMXbus or 
elsewhere. This feature can improve performance on pro
cessor boards where some addresses result in accesses over 
the VMXbus while others result in on-board accesses or ac
cesses to other buses, such as VMEbus. 

The processor begins SlJCh a cycle In the usual manner, 
by sending the "lower address" to the VMXbus SLAVES, 
before it knows whether or not a VMXbus access is required. 
If, after deccding the address, it determines that a VMXbus 
access is not required, then it doesn't proceed with the rest 
of the cycle. Such a cycle is said to be "withdrawn" by the 
MASTER. Since all six of the basIc cycle types begin in the 
same way (with the transmission of the lower address) they 
all result in similar timing when they are Withdrawn. This 
results in one more additional cycle type: 

25. Withdrawn cycle 

VMXbus ARBITRATION BUS 

The VMXbus contains two arbitration lines which are used 
to transfer control of the VMX-DTB between the PRIMARY 
MASTER and SECONDARY MASTER: 

SECONDARY MASTER bus request 
SECONDARY MASTER acknowledge 

These lines are collectively called the" arbitration bus". The 
SECONDARY MASTER drives SMRQ' low to when It needs 
to read or write data to VMXbus memory. The PRIMARY 
MASTER may drive SMACK' low in response to the low level 
on SMRQ' to permit the SECONDARY MASTER to use the 
VMX-DTB. 

The PRIMARY MASTER drives SMACK' high whenever 
the system is reset by the VMXbus SYSRESET* line and 
maintains it high at least until SMRQ' is driven low by the 
SECONDARY MASTER. The SECONDARY MASTER drives 
SMRQ' high when the system IS reset and maintains It high 
at least until SYSRESET' goes high again 

Since only two MASTERS are allowed on each VMXbus, 
(a PRIMARY MASTER and a SECONDARY MASTER) there 
are only two basic arbitration sequences. The first IS when 
the PRIMARY MASTER grants control of the VMX-DTB to 

I 
I 

FIGURE 2 

PRIMARY MASTER 
(Using the VMX-DTB to 
move data) 

+ 
DETECT REQUEST FOR 

VMX-DTB 
Receive SMRQ' drrven to low 

t 
GRANT THE VMX-DTB 
(Finish data transfers) 
Dnve LAS, UDS', LOS' high 
Drive UAS' high 
Tri-state all VMX-DTB drrvers 
Walt until DERR' and ACK' 

are both high 
Drive SMACK' to low 

I 

I 

I 

I 
I 

I 

I 

SECONDARY MASTER 
(Waiting to transfer data) 

REQUEST THE VMX-DTB 
DRIVE SMRQ' to low 

I 

+ 
BEGIN DATA TRANSFER 
Receive SMACK' dnven to 

low 
Send address 
Send/Receive data over the 

data bus 
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the SECONDARY MASTER. The second IS when the 
SECONDARY MASTER gives control of the VMX-DTB back 
to the PRIMARY MASTER. 

PRIMARY MASTER grants VMX-DTB to 
SECONDARY MASTER. 

Figure 2 shows the flow diagram for the case where the 
SECONDARY MASTER IS granted the bus. When the se
quence begins, the PRIMARY MASTER IS using the VMX
DTB. When the SECONDARY MASTER drives SMRQ' to 
low and when the PRIMARY MASTER has finished uSing the 
VMX·DTB, it drives SMACK' low, granting the VMX-DTB to 
the SECONDARY MASTER. 

As long as the SECONDARY MASTER holds SMRQ' low 
it may continue to use the VMX-DTB without Interruption. 
This allows It to transfer data to or from the memory at the 
maximum data rate, since It need not check before each 
transfer to see whether it still has control of the VMX-DTB. 

PRIMARY MASTER receives VMX-DTB from 
SECONDARY MASTER 

I 
I 

Figure 3 shows the flow diagram for the case where the 
SECONDARY MASTER relinquishes control of the data 

FIGURE 3 

PRIMARY MASTER 
(Waiting to transfer data) 

+ 
DETECT RELEASE OF 

VMX-DTB 
Receive SMRO' driven to high 

+ 
BEGIN DATA TRANSFER 
Send address 
Send/Receive data over the 

data bu_s. 

I 
I 
I SECONDARY MASTER I 
I (Finished uSing the VMX-DTB I I to move data) : 

I I 

Release the VMX-DTB 
Dnve LAS, UDS', LOS' high 
Dnve UAS' high 
Tn-state all VMX-DTB dnvers 
Wait until DERR' and ACK' 

are both high 
Drive SMRO' to high 

I I 
I 

I 

transfer lines. When the sequence begins, the SECONDARY 
MASTER is transferring data between Itself and VMXbus 
memory. When the transfer is complete, and It has tn-stated 
all of the VMX-DTB dnvers, it drives SMRQ' high, signaling 
to the PRIMARY MASTER that it has finished using the VMX
DTB. The PRIMARY MASTER then drives SMACK' high, 
signaling to the SECONDARY MASTER that its high level on 
the SMRQ' line has been detected and that it may request 
the bus again when needed. 

ELECTRICAL SPECIFICATIONS 

VMXbus signals are normally driven with TTL family dnv
ers, although any technology which complies with the 
VMXbus speCification may be used. Recommendations and 
examples are Included In the full specification to aid the de
signer In obtaining optimum system performance . 

Power Distribution 
Power and power-return dlstnbutlon for the VMXbus IS 

done through the VMEbus P1 and P2 backplanes. (This 
leaves all of the P2 ribbon cable lines available for Signals 
and Signal grounds.) The pins of the P1 and P2 connectors, 
which are used for power distribution, the voltage tolerances, 
the maximum ripple, and the current carrying capacity of each 
power pin are the same as those deSCribed in the VMEbus 
SpeCification Manual. 

Electrical Signal Characteristics 
Other than the power supply lines, all VMXbus signals are 

limited to pOSitive levels between 0.0 and 5.0 volls. The signal 
levels are: 

Signal Minimum Maximum 

Driver low oulput level O.BV 
Receiver low Input level 0.8 V 

Driver high output level 2.4 V 
Receiver high inpul level 2.0 V 

Line Driver Requirements 
There are three types of signal line drivers used on the 

VMXbus: totem-pole drivers, trl-state drivers, and open 
col/ector drivers. 

Totem-pole drivers sink currenl when driving a signal line 
to its low level and source current when driving illo ils high 
level. They are used 10 drive signal lines which are always 
driven by the same VMXbus board. SMRQ' and SMACK' 
are the two VMXbus lines driven by totem-pole drivers. 

VMXbus tri-slale drivers differ from lotem-pole drivers In 
two respects: they can sink and source more current than 

• 
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the totem-pole drivers and they can go to a high impedance 
state (driver tumed off) in addition to the low and high logic 
states. Tri-state drivers are used to drive lines that can be 
driven by several different boards on the VMXbus. (Only one 
of these drivers is ever driving a signal line at anyone time.) 
The address bus, the data bus and most of the other signal 
lines on the VMXbus are driven by tri-state dnvers. 

Open collector drivers sink current when driving a signal 
line to its low level but source no current to drive the signal 
line high. Pull-up resistors on the PRIMARY MASTER ensure 
that the signal line voltage rises to a high level whenever the 
open collector line is not driving it to a low level. ACK* and 
DERR· are the two VMXbus lines driven by open collector 
drivers. 

Signal Line Terminations 
The following ten signal lines of the VMXbus are terminated 

on PRIMARY MASTER boards with 330 ohm pull-up resis
tors. Other boards must not pull these lines up.) 

READ Tn-state 
LOCK· Tri-state 
LAS Tri-state 
UAS· Tri-state 
UDS· Tri-state 
LDS· Tri-state 
DERR· Open-collector 
ACK· Open-collector 

These pull-up resistors pull their respective lines to a high 
level whenever a tn-state or open collector driver turns off. 

Isolation Lines 
V~,,1Xbus includes ten signa: Hnes called Static Isolation 

Lines (STIL0-5TIL9). The purpose ofthese lines IS to prevent 
cross-talk between adjacent signal lines whose transitions 
take place at different times. All VMXbus boards must provide 
a 0.01 plus a 0.1 pF by-pass capacitor between each of these 
lines and its on-board ground grid. The length of the trace 
connecting this capacitor to the connector plus the length of 
the trace connecting the other side of the capacitor to the 
ground grid must not exceed 2 inches. 

MECHANICAL SPECIFICATIONS 
Certain requirements must be met to assure that VMXbus 

boards will be mechanically compatible with the VMEbus sys
tems into which they are installed. As in the case of the 
VMEbus, the following terminology applies: 

SIIclcplllne - A board into which 96-pin connectors are 
installed. The backplane of primary interest to VMXbus 
users is the VMEbus "P2 backplane." This IS the lower 
backplane in a double-high VMEbus card rack which 
buses only the center row pins of each "P2 connector." 

Ribbon cable - A 64 wire cable which has installed on 
it two to SIX 64-pin connectors at 0.8" intervals. This cable 
is Installed on the back of the "P2 backplane" to bus the 
two outside rows of pins on adjacent P2 connectors 
together. 

VMXbus board - A PC board which IS plugged into the 
backplane and communicates With other VMXbus boards 
installed in the same backplane. 

The "front" of a backplane is the side from which the 
VMXbus boards are Inserted into the connectors. 

The "rear edge" of a VMXbus board IS the edge which 
provides the on-board connector for mating with the con
nector on the backplane. 

VMXbus Backplane 
The VMXbus has been designed for use with a double high 

VMEbus card. This double high rack has two backplanes: an 
upper one which buses all three rows of pins on the PI 
connectors and a lower one which buses only the center row 
of pins on the P2 connectors. (This VMEbus "P2 backplane" 
does not bus the two outer rows of the P2 connectors.) Since 
these two outer rows aren't bused by the P2 backplane they 
may be used as 1/0 pins. When a user wants to bus these 
two rows of pins for a secondary bus, such as VMXbus, a 
ribbon cable is installed to form a "private bus." 

VMXbus IS defined to provide just such a pnvate bus. One 
or more 64 wire ribbon cables can be Installed on the P2 
connectors to "bus" the two outer rows of pins. Each nbbon 
cable may have from two to SIX connectors on It, and several 
of these cables can be used in a SINGLE CARD RACK to 
provide severai ViviXbuS8S. 

The ribbon cable provides all of the conductors needed to 
send 24-bit addresses from the MASTERS to the SLAVES 
and transfer up to 32-bits of data at a time. This nbbon cable 
connects a maximum of six VMXbus compatible boards which 
are installed at 0.8 inch intervals. The length of the cable 
used to connect these boards must not exceed 5.0 inches. 

All VMXbus configurations assume the existence of a P2 
backplane. Power for the VMXbus boards is provided by this 
P2 backplane through the center row (row "b") of ItS VMXbus 
connector. (Double-high VMXbus boards typically also draw 
power through their PI connector.) 

VMXbus Eurocard Description 
VMXbus boards may be either single or double high, just 

like VMEbus boards. The dimenSions of these boards must 
conform to those given for the single and double high boards 
In the VMEbus specification. All of the dimensions given there 
including maximum board warpage, maximum component 
height, etc. apply to VMXbus boards also. (All PRIMARY 
MASTER and SECONDARY MASTERS are double-high 

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS 

6-28 



boards, since they monitor the level of SYSRESET' on the 
VMEbus.) 

VMXbus Pin Assignment 
VMXbus uses the two outside rows (rows a and c) of the 

P2 connector for all signal transmissions. VMXbus boards 
may draw power from the center row (row b) of P2. (These 

+5 V power and GNO pins are the same as the ones spec
ified in the VMEbus specification.) In addition to these pins, 
a double-high VMXbus board may also draw power from its 
P1 connector. (See the VMEbus specification for the + 5 V 
and GNO pin locations on P1.) Pin assignments by function 
are summarized in Figure 4. 

FIGURE 4 - VMXbus Connector Pin Assignments 

ROW 

Pin # a b c 
1 OBOO +5V OB01 
2 OB02 GNO OB03 
3 OB04 VMEbus signal OB05 
4 OB06 VMEbus signal OB07 

5 OB08 VMEbus signal OB09 
6 OB10 VMEbus signal OB11 
7 OB12 VMEbus signal OB13 
8 OB14 VMEbus signal OB15 

9 OB16 VMEbus signal OB17 
10 OB18 VMEbus signal OB19 
11 OB20 VMEbus signal OB21 
12 OB22 GNO OB23 

13 OB24 +5V OB25 
14 OB26 VMEbus signal OB27 
15 OB28 VMEbus signal OB29 
16 OB30 VMEbus signal OB31 

17 WRITE' VMEbus signal STILO 
18 LOCK' VMEbus signal STIL1 
19 LWORO/A12 VMEbus signal STIL2 
20 A02lA14 VMEbus signal A01/A13 

21 A04/A16 VMEbus signal A03/A15 
22 A06/A18 GNO A05/A17 
23 A08/A20 VMEbus signal A07/A19 
24 A10/A22 VMEbus signal A09/A21 

25 STIL3 VMEbus signal A11/A23 
26 STIL4 VMEbus signal LAS' 
27 STILS VMEbus signal UAS' 
28 STIL6 VMEbus signal UOS' 

29 STIL7 VMEbus signal LOS' 
30 STILB VMEbus signal OERR' 
31 STILS GNO ACK' 
32 SMRQ' +5V SMACK' 
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VERSAbus 
Specification 
Summary 

VERSAmoduie boards are Interconnected m a system us
ing the VERSAbus Interconnect standard. The high-speed 
VERSAbus interconnect IS characterized by asynchronous 
operation supporting direct memory addressing and true 
multiprocessor operation. Unlike other popular bus struc
tures, VERSAbus architecture does not limit the number or 
types of processors that can be used in multiprocessing ap
plications. The number of "bus masters" or main processor 
boards is limited only by the number of card slots in the 
particular VERSAbus backplane being used. Furthermore, 
several lines Within the VERSAbus structure enhance system 
reliability and integrity by providing for efficient self-diagnOSIs 
· .. resulting m minimum system downtime. 

The VERSAbus, as developed by Motorola, addresses the 
limitations of eXisting bus structures and meets the needs of 
state-of-the-art microprocessor systems. It has been de
signed With special attention to the following obJectives' 

• To provide a comprehensive baSIS for microprocessor sys
tems capable of supporting a wide range of architectures 
from 8- to 32-bit data paths With up to 5-MHz data transfer 
rates 

• To provide adequate addressing range and control for 
large-scale systems 

• To provide for system architectures involvmg multiple pro
cessors 

• To provide sufficient flexibility to exploit the latest tech
nologies without sacrificing ease of use to the designers 
of future microprocessor-based systems 

AN INDUSTRY STANDARD BUS 

The VERSAbus specification is an mdustry standard 
through the actiVities of IEEE Standards Committee P970. 

A detailed VERSAbus Specification Manual may be or
dered from the Motorola literature Distribution Center (Part 
#M68KVBS/D4*) 

VERSAbus 

VERSAbus Signal Groupings 
The VERSAbus consists of four groups of Signal lines 

called "buses" (see Figure 1). 

• Data Transfer Bus (DTB) 
- Masters and slaves transfer data over the Data Transfer 

Bus (DTB) uSing the data pathways and associated 
control signals. 

• DTB Arbitration Bus 
- The arbitration bus IS used to assure the smooth transfer 

of control between DTB masters, and guarantees that 
only one master controls the DTB at any given time. 

• Priority Interrupt Bus 
- Througlr thiS bus Interrupters can request Interruption 

of nonnal bus actiVity and can be serviced by an Inter
rupt handler. Interrupt requests can be prioritized into a 
maximum of several levels. 

• Utility Bus 
- The categories of system timing, control, and diagnos

tics are grouped mto the area of utilities. These functions 
, include clock lines, initialization, and system test, 

among others. 

Each VERSAbus based system has a designated "System 
Controller." The controller function can contain the following 
functional modules: 

• DTB Arbiter 

• Emergency DTB Requester 

• Power Up/Power Down Master 

• Power Monitor (for ac clock and ac fail driver) 

• System Clock Driver 

• System Reset Driver 

• System Test Controller 

In any VERSAbus configuration, only one each of the 
above functional modules exist The number one board slot 
is designated the System Controller position because the 
user will typically provide four modules (DTB arbiter, emer
gency requester, power up/down master, and system clock 
driver) on this boarq. The system reset and system test con
troller are commonly connected to an operator control panel, 
and may be located elsewhere. The power monitor is inter
faced to the incoming AC source and may also be located 
remotely. 

-ReYlslon D4 was current at the time of pnntlng of thiS document 
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FIGURE 1 - VERSAbus Signal Groupings 
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VERSAbus Signal Line Terminology 

Signal Line Signal Line Terminology 

Category Mnemonics (1) Output Input Asterisk 

Bus Lines A01*-A3t* Drive X Indicates a low level 
(Three-state) DOO*-D3t* Drive X high Receive X driven high Equals a logic t 

APARITYO*-APARITYt* Drive X low Receive X driven low 
DPARITYO*-DPARITY3* Place valid X Receive X 
AMO*-AM?* Remove X 
TESTO*-TESTt* Release X 
WRITE*, LWORD* 

Drive X defines the point at which the three-state drivers are enabled. 
Place valid X defines the point at which the levels on the bus are valid. 
Remove X defines the point at which the levels on the bus are invalid. 
Release X defines the point at which the three-state drivers are no longer enabled. 

Strobe Lines AS* Drive X to low Receive X driven to low Indicates the 
(Three-state) DSO* Drive X to high Receive X driven to high information on the 

DSt* strobed bus is valid on 
the falling edge of the 
strobe line. 

Strobe Response DTACK* Drive X to low Receive X driven to low Indicates the strobe 
Lines BERR* Release X to Receive X high response is valid on the 

(Open Collector) high 

Shared lines IRQt*-IRQ?* Hold X low 
(Open Collector) BRO*-BR4* Release X 

SYSFAIL* 

Bus Arbitration 
VERSAbus provides simple and effective means to a!!ccate 

the bus mastership among several processors/controllers. 
Due to the diverse nature of the potential bus masters (mul
tiple processors, intelligent peripheral controllers, DMA con
trollers, emergency handlers, etc.), true multilevel bus arbi
tration is provided. 

The VERSAbus subsystem for the Arbitration Bus consists 
of: 
• One Data Transfer Bus (DTB) Arbiter 

• One or More Data Transfer Bus (DTB) Requester(s) 

• One Emergency Requester (optional) 

Priority Interrupt 
Multiple processor systems require a much more sophis

ticated interrupt handling structure than single processor sys
tems. A bus designed to support such systems must have a 
flexible interrupt subsystem protocol. 

Multiple processor interrupt subsystems can be divided into 
two categories: 

• Single handler systems with a supervisory processor which 
receives and services all bus interrupts 

falling edge of the 
signal line. 

Detect X low Indicates this hne is 
Detect X high (only if no activated in the low 
drivers holding line low) state. 

• Distributed systems with two or more processors which 
iacaive and service bus InterrupIS 

The single handler system architecture may be easier to 
understand because of its similarity to single processor sys
tems. Any system which has interrupt capability must have 
a set of interrupt servicing routines in its executive software. 
Each of the routines may be thought of as a task which is 
activated by an interrupt. If the system has a real-time ex
ecutive, these interrupt routines would then operate as tasks 
under this executive. 

In a single processor or single handler system, the exec
utive software and all the interrupt routines are executed by 
one processor. 

The interrupt bus consists of seven interrupt request signal 
lines and one daisy-chain line: 

IRQt* 
IRQ2* 
IRQ3* 
IRQ4* 

IRQS* 
IRQ6' 
IRQ?* 
ACKIN*/ACKOUT* 

Each interrupt request line may be driven low by an inter
rupter to request an interrupt. In a single handler system, 
these interrupt request lines are prioritized, with IRQ?* having 
the highest priority. 
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IH(1-7) Interrupt Handler Signal Lines 
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VERSAbus Utilities 
Utility lines provide periodic timing signals, support tlme

of-day function, allow AC zero crossing Indication, and pro
vide start-up and testing capability for the VERSAbus. Utility 
lines include: 

System Clock (SYSCLK) 

AC Clock (ACCLK) 

AC Fail (ACFAll') 

System Reset (SYSRESEr) 

System Test (TESTO', TEST1', SYSFAll') 

Two clock sources are available on the VERSAbus back
plane: A system clock and a line frequency AC clock. These 
clocks are utility signals and have no fixed phase relationship 
with other VERSAbus timing. The system clock is an Inde
pendent, non-gated, fixed frequency, 16 MHz signal which 
can be used to generate on-board delays or timing functions. 
The AC clock is a 50 or 60 Hz signal derived from the power 
supply line frequency. It can be used as a clock source for 
time-of-day generation, or to detect line frequency zero-point 
crossings. 

VERSAbus allows several options for system inrtlallzation 
and diagnostics through a system reset, two test lines, and 
a system fail signal. On system power-on, the two test lines 
allow the system elements to enter four different test modes 

• Enter EXEC Immediate (no test required) 

• Enter Debug Mode 

• long Test (no time limit) Then Enter EXEC 

• Short Test (,,;; 2 seconds) Then Enter EXEC 

Upon completion of the specified testing (if any), the system 
can go into normal operating mode if the functional tests show 
no failure. If a failure IS encountered, the system fall line 
remains activated. 

The system fail line can also be activated at any time during 
normal operation as the result of a detected system failure. 

To allow safe system shutdown, an ac fail signal IS also 
provided. This signal gives an early Indication of an Impending 
dc power failure and allows a graceful shutdown to be inrtl
ated. 

Electrical Considerations 
Power in a VERSAbus system IS distributed on the back

plane as regulated direct current (dc) voltages. The available 
voltages are described as follows. 

+ 5 Vdc is the main logic level and normally has the largest 
associated current requirement The bulk of the system cir
cuitry - Includmg TTL logiC, MaS microprocessors, and 
memories - requires thiS voltage. 

± 12Vdc represent the aUXiliary digital logic supplies. They 
supply the needs for MaS memories and 1/0 circuitry re
quiring multiple Voltages. They may also be used for analog 
purposes. A - 5 Vdc bias voltage and a - 5.2 Vdc ECl 
voltage may also be derived from - 12 Vdc, as needed 
These supplies normally have lower current requirements 
than the + 5 Vdc. 

+ 5 Vdc standby IS used for distributing battery backup 
power. The standby voltage is maintained dUring system 
power loss to sustain memory and tlme-of-day clocks If the 
user is not concerned With power fall protection, this supply 
line should be supported by the normal + 5 Vdc supply. 

± 15 Vdc voltages are intended for analog specifications. 
These voltages may be used directly by VERSAboards, or 
further regulated on-board where required. These voltage 
sources should be very carefully regulated with respect to ac 
ripple 13nd noise filtering Care should be take'"! !n the!r use 
to aVOid superimposing voltage variations on these lines due 
to varying loads or noise. 
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Specifications 

Power Distribution Regulated dc voltages available on VERSAbus: 
Main logic power supply +5 Vdc 
Primary auxiliary supply ± 12 Vdc 
Standby power ± 5 V STDBY 
Analog application supply ± 15 V 

Ground Distribution Combined + 51 + 12/-12 Vdc ground return 
Separate ± 15 Vdc ground return 

Signal Distance on Backplane 18" maximum 

BackplanelVERSAboard Dimensional 
Requirements 
Board Spacing PCB: 0.900 minimum 

WWB. 14 minimum 
Board Thickness 0.062 ± 0.005 Inch 
Component Lead Length Component leads protruding through back of VERSAboards not to 

exceed 0.100 inch 
Component Height Component height on front of each VERSAboard not to exceed 

0.50 Inch • Board Warpage Maximum allowable VERSAboard warpage is 0.125 Inch 

VERSAbus Driver Specifications 

Driver Type Parameters Min. Max. Unit Test Condition 

Totem-pole Low state (VOL) 0.55 V Sink 64 rnA for terminated line 

(High current) High state (VOH) 2.0 V Source 15 rnA terminated 
2.4 V Source 3 rnA line 

Totem-pole Low state (VoU 0.5 V Sink 8 rnA for unterminated line 

(Low current) High state (VOH) 2.7 V Source 400 JiA for unterminated line 

Three-state Low state (VoU 0.55 V Sink 64 rnA for terminated line 

High state (VOH) 2.0 V Source 15 rnA terminated 
2.4 V Source 3 rnA line 

Off-state output 
current (lOZ) ± 50 JiA 2.4 V or 0.5 V applied 

Open Collector Low state (VoU 0.7 V Sink 40 rnA 

High state output 
current (lOH) 50 JiA 5.0 V applied 
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VERSAbus Receiver Specifications 

Parameter Min. Max. Unit Test Condition 

Low state input 
voltage (VIL) 0.8 V 

High state input 
vo~age (VIH) , 2.0 V 

Low state input 
current (I III -400 pA Input voltage = 0.5 V 

High state input 
current (lIH) '50 pA Input voltage = 2.7 V 

'High state input current IIH should be limited to 20 pA for low current totem-pole drive lines. (20 pA represents a 
standard LS TTL input.) 

Mechanical Considerations 

Backplane Construction Techniques 
Many backplane construction techniques are available to 

the designer. Backplane construction can be of a multilayer 
laminated or unlamlnated design. Following is a description 
of a multiple layer design composed of two discrete. two
sided. glass epoxy boards separated by a mylar insulator 
with a mylar clear top layer. The two boards and mylar In
sulators are held together. utilizing high force press fit socket 
contacts. This process provides a gas-tight connection be
tween the contact and the plated-through hole in each board. 
Each side or layer of a board provides signal conductors or 

a voltage/ground plane. The first and fourth layers of the 
backplane contain the signal conductors. The second layer 
provides the voltage plane. and the third layer IS the ground 
plane. Contact pinS are press fitted into the two boards and 
the mylar insulators. forming the four-layer backplane. This 
process relies upon the backplane to provide the structural 
ngidity of the edge connector. Plastic Insulators are then In
serted over the contacts to form edge connectors. 

A second possible backplane construction technique would 
be to laminate the two boards. This lamination process would 
bond the two boards and insulators together. Then edge con
nectors are inserted into the backplane and soldered. 
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Typical Multilayer Backplane/PCB Construction Technique 

LAYER 1 (COMPONENT SIDE) 
STRIPLINE 

LAYER 2 (PWR) 

LAYER 4 (BACKPLANE) STRIPLINE 

CLEAR MYLAR INSULATOR 

TWO SIDED BOARD 

MYLAR INSULATOR 

TWO SIDED BOARD 
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• 
VERSABOARD 

FRONT SIDE 

J2 
120-PIN 

EDGE CONNECTOR 

J1 
14O-PIN 

EDGE CONNECTOR 

CARD SLOT 
DESIGNATIONS 

Backplane Reference Designations and Pin Numbering Standard 

!6 
§] 

-

. 

~ 

Ell . 

, 
INSTALLED 

VERSABOARDS 
I , , , '} 

'" 
~ J l ~~ ~ 

2 

~ 119 120 

..",.. 2 

139 140 

h r h r 1 r hn.n 
A1 A2 A3 A4 A5 ~ db 

I 

1101 ..... ---------- 135" MAX. 

DIRECTION OF DAISY CHAIN PROPAGATION 

AS VIEWED FROM FRONT SIDE 
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Standard Size VERSAboard 

75 MAX EXTENSION OF CONNECTORS OR 
COMPONENTS ABOVE BOARD EDGE r ~-116 TYP 14500 ± 005 -7/--------==:::: 

~ I ~- I • 

• T I ~J 
-- .....::.:.....

~ 

30TYP 
(FINGER) 

, 

ii 

II 

il 

il 
~ __ I:' 

COMPONENT SIDE 

P2 

=*=r 050 II-- --JI-- 050 ± 003 J tPIN 
" J 046 TYPE FINGER WIDTH ODDS COMPONENT SIDE l: M"~'~~OO'OO~ ""'~~"""' r-- SPACES @ 100 - 5900 095 

TOL. NON ACUM + 000 70 FINGERS WITH 69 EQUAL 
600 _ 010 SPACES «. 1 00 - 6 900 TOL NON-ACUM 

6900± 006 7ooo~~..! 

I 

25 x 45' 
(2 PLS) 

DATUM POINT TOOLING HOLE 
100 ± 002 DIA (DO NOT PLATE) 

NO COMPONENTS BETWEEN 
DASHED LINE AND BOARD EDGE (2 PLS) 

TOLERANCE 
2 PLACE ± 020 
3 PLACE ± 010 
ANGLE ± 1 

06R x MAX 
(4PLS) 

04 x 45 
(4 PLS) 



• 

Half Size VERSAboard 

14-----7.80 -------------~ 

-B-Ir---------- 7.400' .005 --------..! 

25 x 45 

75 
TYP rl 'f.----T-3-a-T-Y-p--+-j 

NO COMPONENTS 
BETWEEN DASHED LINE 

AND BOARD EDGE 
(2 PlS) 

TOLERANCE. 
2 PLACE DEC ± .020 
3 PLACE DEC ± 010 

ANGLES ± 10 

1 .75 MAX EXTENSION OF 

CONNECTORS OR CQMPONEt"TS 
ABOVE BOARD EDOE 

----

COMPONENT SIDE 

8.60 

0, _____ ---1!JI~#:!":==:!o._...L 

.OIR MAX 
(20LS) 

.04X41° 
(2PLS) 

-Jk.050 •. 003 
TVP FINGER WIDTH 

70 FINGERS WITH 69 EQUAL SPACES 
@ .100 = .900 TOl, NON ACUM L .095 

14-------7.090 ~ :~~~ ------..-; .055 
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I/O Channel 
Specification 
Summary 

PHILOSOPHY 

Hardware of most computer systems can be partitioned 
into two major parts: the application-independent part and 
the application-dependent part. 

The application-Independent portion tYPically consists of 
the CPU, RAM, ROM, timers, and certain diagnostic-related 
I/O ports. This portion forms a "core" system around which 
additional hardware is added to meet the specific applications 
requirements 

The application-dependent portion typically consists of var
IOUS special purpose I/O devices. In an industrial control ap
plication, these may be NO converters, stepper motor con
trollers, etc. In a data processing application, these may be 
printer Interfaces, disk Interfaces, etc 

The challenge which must be met to produce the most 
cost-effective system IS to produce a low cost "core" system 
along with modular "add-on" I/O devices which provide only 
the specific I/O reqUired. 

The purpose of the I/O Channel IS to provide a commu
nication path though which the "core" system can commu
nicate with ItS "add-on" I/O devices. 

The I/O Channel provides the following features: 

• 12-bit Address Bus 

• 8-bit Bidirectional Data Bus 

• Asynchronous Operation 

• Up to 2-megabyte Transfer Rate 

• Four Interrupt Lines 

• Reset Line 

• 4-MHz Free Running Clock Line 

VO Channel 

OBJECTIVES 

The I/O Channel is an interfaCing system whose primary 
purpose is to provide a high speed data path between I/O 
slave devices (slaves) and a core system (master). The sys
tem has been conceived with the following objectives: 

• To allow the master to perform read and write operations 
to a slave device without disturbing internal activities of 
other slave devices 

• Specify the electrical and mechanical constraints upon the 
design of the master and slave devices 

• Specify protocols that define interactions between the mas
ter and slave devices 

• Provide terminology and definitions that describe I/O Chan
nel operation 

TYPICAL SYSTEM CONFIGURATION 

Figure 1 illustrates how a system might be configured using 
a ribbon cable bus I/O Channel. The bus master is typically 
a computer, but may also include a DMA controller for trans
ferring blocks of data to or from a slave device at high speed. 

As shown in Figure 1, there are two basic types of slaves 
on the I/O Channel. Slave Printed Circuit (PC) boards have 
64-pin ribbon cable connectors and plug into a 64-pin con
nector which is crimped onto the ribbon cable. The preferred 
form factor for these boards is the DIN standard. These 
boards are powered through their 64-pin connectors and may 
draw + 5 V and ± 12 V from the bus. 

When the slave PC boards are located at too great a dis
tance from the master, power may be provided by a source 
close to their location. Figure 2 illustrates how this might be 
done. 

The second type of slave IS called a subsystem slave. It 
can be identified by the fact that it includes its own power 
supply. (It is usually housed in some sort of enclosure.) 

A subsystem slave has two 50-pin ribbon cable connectors 
on its interface panel. In addition, it provides access to an 
internally-mounted terminator board to allow it to be config
ured as the last slave on the cable (terminators enabled). 
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FIGURE 1-Typical I/O Channel Configuration 
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FIGURE 2-Alternate Power Wiring Configuration 
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110 CHANNEL SIGNAL LINES 

The following identify the I/O Channel signal lines: 

AD-Al1 
00-07 
wr· 
STB· 
XACK· 
ClK 
10RES· 
INn·-INT4· 

Address channel (bits 0-11) 
Data channel (bits 0-7) 
Write 
Strobe 
Transfer Acknowledge 
Clock 
Input Output Reset 
Interrupt (lines 1-4) 

DATA TRANSFER PROTOCOL 

All data transfers on the I/O Channel are between the mas
ter and a slave, and are initiated by the master. All data 
transfers are asynchronous and rely on two Interlocked signal 
lines, STB· and XACK·. STB· is generated by the master 
and initiates a data transfer. XACK· is generated by the ad
dressed slave to Indicate that the data transfer has been 
acknowledged. 

Interrupts 
Slaves may interrupt the master by dnvlng low one of the 

four prioritized interrupt lines (INT1'-INT4·). INn· is the low
est priority interrupt. INT 4* is the highest priority Interrupt. 

Any number of slaves can generate an interrupt at any 
given time. However, when a slave drives an interrupt line 
low, it must continue to drive the interrupt line low until the 
master acknowledges the interrupt. Any slave that IS capable 
of generating an interrupt must also contain at least one 
status byte of one to eight bits In length that IS readable by 
the master at a pre-determined address. The state of the 
status byte indicates whether or not that slave has a pending 
interrupt, and can also contain additional information about 
the cause of the interrupt or the action required to service or 
clear the interrupt. 

There are three ways in which interrupts may be cleared 
on the I/O Channel: 

a. Reset clears interrupt 
b. Read clears interrupt 
c. Write clears interrupt 

Reset Clears Interrupt - In this mode, all Interrupts that 
are to be removed by a reset must be cleared within ten 
microseconds after the 10RES· line on the I/O Channel goes 
low. This is an initialization function. No record of past inter
rupt status is provided after initialization. 

Read Clears Interrupt - In this mode, when the master 
reads data from a specific address of the interrupting slave 
(the addressed location may be the status byte), the slave 
must stop driving the particular interrupt line low 

(INT1·-INT4·) within three microseconds after receiving 
STB· low. This byte is read just like any other byte of a read 
operation, and must conform to all timing and handshake 
sequencing of a read cycle. 

Write Clears Interrupt - In this mode, when the master 
writes to a specified location on the interrupting slave, the 
slave must stop driving the particular interrupt line 
(INT1·-INT4·) within three microseconds after receiving 
STB' low. This byte is written just like any other byte of a 
write operation, and must conform to all timmg and hand
shake sequencing of a write cycle. 

Utilities 
Two additional signals - clock and reset - are Included 

on the I/O Channel. 
Clock - The ClK line IS a free-running, 4-MHz (nommal) 

signal that may be used for miscellaneous timing by slaves. 
There is no relationship between the ClK line and any other 
timing on the I/O Channel . 

Input/Output Reset - The laRES· line, when driven low 
by the master on a power-up reset circuit, is used to place 
slaves mto a pre-determined state. 

TERMINATION NETWORKS 

The master is always located at one end of the cable and 
provides terminations for INn·-INT4' and XACK·. PrOVision 
for terminating all other lines of the I/O Channel should be 
provided at the slave end of the cable for ribbon lengths 
greater than 18 Inches to proVide terminations for the ad
dress, data, clock, and reset lines. The 10RES· line should 
also be pulled high by the master (via a 4.7K!1 ± 5% resistor 
to + 5 Vdc). ThiS keeps the 10RES' line from floallng In non
termin8ted systems. 

1/0 CHANNEL RIBBON CABLE 
CHARACTERISTICS 

Ribbon Cable 
Parameter Specification 

Center spacing 0.050 inch 
Conductor Stranded copper 
Conductor size 28AWG 
Stranding 7 x 36 
Conductor quantity 50 or 64 
Impedance '" 100 ohm 
CapaCitance .. 20 

(pFIft) 
Inductance .. 0.25 

(p.HIft) 
(ohmS/1000 ft @ 20°C) .. 70 
Propagation delay .. 1.5 

(nslft) 
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The 1/0 Channel is designed primarily for ribbon cable 
interconnection, but is not restricted to ribbon cable. For ex
ample, a PC board might be used for interconnection if its 
characteristics matched those of the ribbon cable as shown 
below. The specifications which follow, along with the ter
minators, timing, and board-level loading restrictions, allow 
16 slaves to communicate with a master over a distance of 
12 feet on a ribbon cable. 

PIN ASSIGNMENTS FOR I/O CHANNEL 
The pin assignments for the 1/0 Channel are as follows: 

Din 3M 
Connector Connector 

Pin Pin Mnemonic 

C1 1 INT4* 
C2 3 INT3* 
C3 5 INT2* 
C4 7 INT1* 
C5 9 10RES* 
C6 11 XACK* 
C7 13 ClK 
CB 15 (Reserved) 
C9 17 (Reserved) 
C10 19 (Reserved) 
C11 21 GROUND 
C12 23 A9 
C13 25 A7 
C14 27 A5 
C15 29 A3 
C16 31 A1 
C17 33 AO 
C1B 35 ST8* 
C19 37 WT* 
C20 39 GROUND 
C21 41 D5 
C22 43 D3 
C23 45 D1 
C24 47 DO 
C25 49 GROUND 
C26 -12 Volts 
C27 (Reserved) 
C2B +12 Volts 
C29 +5 Volts 
C30 +5 Volts 
C31 GROUND 
C32 GROUND 

Note. Where 50-pin ribbon cable IS used, the 14 power lines shown at the 
bottom of this table are not connected by the cable 

Related Documentation 
For additional information pertaining to the 1/0 Channel, 

refer to the 1/0 Channel SpecificatIOn Manual, Motorola pub
lication number M6BRIOCS. 

Din 3M 
Connector Connector 

Pin Pin Mnemonic 

A1 2 GROUND 
A2 4 GROUND 
A3 6 GROUND 
A4 B GROUND 
A5 10 GROUND 
A6 12 GROUND 
A7 14 GROUND 
AB 16 GROUND 
A9 1B GROUND 
A10 20 GROUND 
A11 22 A11 
A12 24 A10 
A13 26 AB 
A14 2B A6 
A15 30 A4 
A16 32 A2 
A17 34 GROUND 
A1B 36 GROUND 
A19 3B GROUND 
A20 40 D7 
A21 42 D6 
A22 44 D4 
A23 46 D2 
A24 4B GROUND 
A25 50 GROUND 
A26 -12 Volts 
A27 (Reserved) 
A2B +12 Volts 
A29 +5 Volts 
A30 +5 Volts 
A31 GROUND 
A32 GROUND 

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS 

6-45 

• 



MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS 



Customer Support • User Documentation List ..................... 7-2 
Field and Factory Service .................... 7-5 
Repair and Spare Parts ..................... 7-5 
Applications Engineering ..................... 7-5 
Technical Training Seminars .................. 7-5 
Table of M68000 Family Devices 

for 16/32-Bit Microcomputer 
System Design .......................... 7-6 

7-1 



USER DOCUMENTATION 
16/32-Bit 

Microcomputer System Components 

VMEbus COMPATIBLE VERSAbus 
MODULES (cont.) 

MVMEBUG/D3 VMEbug Debuggmg Packages User's M6BKVMCHUlD1 Installation Instructions for 
Manual VERSAmoduie System Unified 

MVME025/D1 MVME025 System Controller User's Power Control 
Manual M6BKVMESH/D2 VERSAmoduie Chassis, Card Cage, 

MVME101/D2 MVME101 MC68000 Monoboard Power Supply and Power MOnitor 
Computer User's Manual User's Manual 

MVME101 BUG/D2 MVME101bug Debug Package M6BKVMPM1/D1 VERSAmoduie System Power 
User's Manual MOnitor Module User's Manual 

MVME110/D2 VMEmodule Monoboard M68KVMPS1/D1 VERSAmoduie System SWltchmg 
Microcomputer User's Manual Power Supply User's Manual 

MVME115M/D1 VMEmodule Monoboard M6BKVMSIOC1/D1 Installation Instructions for Dual Port 
Microcomputer User's Manual RS-232C Senal 1/0 Cable 

MVME200/D2 MVME200/201 64K1256K Byte Assembly 
Dynamic Memory Module User's M6BKVMSIOC2/D1 M68KVMSIOC2 Dual Sync/Async 
Manual RS-232C Cable Assembly User's 

MVME202lD1 MVME202/222 512K11M/2M Dynamic Manual 
RAM User's Manual M6BKVMTPS/D1 Todd Products CorporallOn SWitching 

MVME211/D1 VMEmodule RAM/ROM/EPROM Power Supply User's Manual 
Memory Module User's Manual M6BKVMOllD1 VERSAmoduie Monoboard 

MVME300/D1 MVME300 GPIB Controller With Microcomputer User's Guide 
DMA User's Manual M6BKVM02/D2 VERSAmoduie Monoboard 

MVME310/D1 VMEmodule Intelligent Controller For Microcomputer User's Manual 
Custom Interfacing User's Manual M6BKVM03/D1 VERSAmoduie Monoboard 

MVME315/D1 MVME315 Intelligent Disk Controller Microcomputer User's Manual 
User's Manual M6BKVM04/D1 VERSAmoduie 32-Blt Monoboard 

MVME330/D1 VMEmodule LAN Controller User's Microcomputer User's Manual 
Manual M6BKVM10/D1 32K/64K1128K Byte Dynamic 

MVME435 VMEmodule 9-Track Magnetic Tape Memory Module User's Manual 
Adapter User's Manual M6BKVM11/D2 M68KVM11-1/-2 256K1512K Byte 

MVME900 940 941 942 943 944 911 DynamiC RAM Memory Module 
User's Manual 

VERSAbus COMPATIBLE M68KVM12/D1 VERSAmoduie 1024K/4096K Byte 

MODULES RAM User's Manual 
M6BKVM13/D1 VERSAmoduie 1024K14096K Byte 

M6BKVAM/D1 VERSAbus Adapter Module User's DynamiC RAM W/RAMbus User's 
GUide Manual 

M6BKVBUG/D2 VERSAbug Debugging Package M6BKVM20/D2 Floppy Disk Controller Module User's 
User's Manual Manual 

M6BKVBUG2/D1 VERSAbug 2.n Debugging Package M6BKVM21/D2 Universal Disk Controller User's 
M6BKVMCCC/D1 Installation Instructions for Manual 

VERSAmoduie Card Cage 1/0 M6BKVM30/D2 Multichannel CommunicallOns 
Connector Kit Module User's Manual 

M6BKVMCHD/D1 Installation Instructions for M6BKVM31/D1 Eight-Channel Intelligent 
VERSAmoduie ChaSSIS Decorative Communications Module User's 
Cover Kits Manual 

M6BKVMCHDSS/D1 Installation Instructions for M6BKVM33/D1 VERSAmoduie LAN Controller User's 
VERSAmoduie ChaSSIS Decorative Manual 
Side-Skms Kit M6BKVM60/D2 Universal Intelligent Penpheral 

M6BKVMCHE/D1 Installation Instructions for Controller Module User's Manual 
VERSAmoduie System ChaSSIS M6BKVMBO/D2 VERSAmoduie Combmatlon Memory, 
ExpanSion Kit 1/0, and Tlme-of-Day Clock User's 

M6BKVMCHS/D1 Installation Instructions for Manual 
VERSAmoduie Chassis Slide M6BKWWM/D1 M68K Wlrewrap Module Information 
Mount Kit GUide 
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MVEME400/02 

MVME41 0/02 

MVME420/01 

MVME43S/02 

MVME600/01 

MVME60S/Ol 

MVME61 0/01 

MVME61S/Ol 

MVME620/01 

MVME625/01 

MVME900/01 

MVME93S/Ol 

M68KRAOORV/Ol 

M68RA01/02 

M68RI01/01 

M68RIOCABL/Ol 

M68RIOCC1/01 

M68RIOCCKlOl 

M68RSC1/01 

M68RWIN1/01 

M68KUNAG/Ol 
M68KUNAM/Ol 

M68KUNOP/Ol 

M68KUNMSG/Ol 

M68KUNPG/Ol 
M68KUNRO/Ol 
M68KUNSTG/Ol 
M68KUNTAl02 
M68KUNUG/Ol 
M68KUNUM/Ol 

M68KEOIT/08 

M68KIPCS/02 

1/0 CHANNEL COMPATIBLE VERSAdos 
MODULES (cont.) 

Dual RS-232C Serial Port Module M68KRIOORV 101 RIOl Device Driver Software User's 
User's Manual Manual 

MVME4l0 Dual Parallel Port Module M68KRMS68K108 M68000 Family Real-Time 
User's Manual Multitasking Software User's 

SASI Adapater Module User's Manual 
Manual M68KSVMBG/03 SYMbug/A and DEbug Monitor 

Buffered 9-Track Magnetic Tape Reference Manual 
Adapter Module User's Manual M68KSVSGEN/06 System Generation Facility User's 

MVME600 Analog Input Module - Manual 
MVME601 AID Expander Module M68KVMSG/02 VERSAdos Messages Reference 
User's Manual Manual 

MVME605 Analog Output Module M68KVOVER/04 VERSAdos Overview 
User's Manual M68KVSEOT/Ol VME/l0 Text Editor User's Manual 

MVME6l0 AC Input Module User's M68KVSF/OS M68000 Family VERSAdos System 
Manual Facilities Reference Manual 

MVME6l5/MVME6l6 AC Output MVMECNFG1/01 VME10l System VERSAdos 
Module User's Manual Hardware and Software 

MVME620 DC Input Module User's Configuration Manual 
Manual MVMEOOS/Ol VERSAdos to VME Hardware and 

MVME625 DC Output Module User's Software Configuration User's 
Manual Manual 

MVME900 Series Equipment User's RMS68KIO/06 VERSAdos Data Management 
Manual Services & Program Loader User's 

Remote 1/0 Channel Connector Manual 
Module User's Manual 

RADl Device Driver Software User's 16-BIT LANGUAGES 
Manual 

M68RADl Remote Intelligent Analog- M68KFFP/01 68343 Fast Floating POint Reference 

to-Digital Conversion Module Manual 

User's Manual M68KFORTRN/03 M68000 Family Resident FORTRAN • Remote InpuVOutput Module User's Compiler User's Manual 

Manual M68KLlNKlOS M68000 Family linkage Editor User's 

Installation Instructions for I/0moduie Manual 

Card Cage Cable Assembly Kit M68KMASM/07 M68000 Family Resident Structured 

Installation Instructions for 5-Slot Assembler Reference Manual 

I/0moduie Card Cage Adapter Kit M68KPASC/07 M68000 Family Resident Pascal 

Installation Instructions for 1/0 Card User's Manual 

Cage Connector Kit 
CROSS PRODUCTS Remote Serial Conversion Module 

User's Manual M68KPTOM/Ol PDP-ll MACRO-ll M68000 
Winchester Disk Controller User's Structured Assembly Language 

Manual Translator User's Manual 
M68KOSIM/02 M68000 Simulator Reference Manual 

SYSTEM V/68 M68KXASM/03 M6800 Cross Macro Assembler 
(for licensed customers only) Reference Manual 

SYSTEM V/68 Administrator's Guide M68KXASM2/01 M68000 Cross Macro Assembler 

SYSTEM V 168 Administrator's Referrence Manual (IBM 370) 

Manual M68KXLNKR2/01 M68000 Cross Linkage Editor User's 

SYSTEM V/68 Document Processing Manual 

Guide M68KXPASCL/04 M68000 Cross Pascal Compiler 

SYSTEM V/68 Error Message User's Manual (Preliminary) 

Manual M68KXPASC2/01 M68000 Cross Pascal Compiler 

SYSTEM V/68 Programming Guide User's GUide 

SYSTEM V/68 Release Descnptlon M68MASR/A8 8-Bit Cross Assembler on 

SYSTEM V/68 Support Tools GUide EXORmacs 

SYSTEM V/68 Transition Aids M68XLlNKlOl 8-Bit Cross Linkage Editor on 

SYSTEM V/68 User's Guide EXORmacs User's Guide 

SYSTEM V/68 User's Manual M6809XPASC/01 Cross Pascal Compiler On 
EXORmacs User's Manual 

VERSAdos 
M68000 CRT Text Editor User's 

VME/10 

Manual M68KTENBG/Ol TEN bug Debugging Package User's 

M68000/IPC Command Channel Manual 

Software Interface Reference M68KVSOM/01 VME/l0 Microcomputer System 

Manual Diagnostics Manual 
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VME/10 
(cont.) 

M68KVSGM/D1 VME/10 Microcomputer System 
Command and Graphics Primitives 
Reference Manual 

M68KVSIG/D1 VME/10 Microcomputer System 
Installation Guide 

M68KVSOM/D1 VME/10 Microcomputer System 
Overview Manual 

M68KVSREF/D1 VME/10 Microcomputer System 
Reference Manual 

68-M68KVSHDN1, VME/10 Hardware Documentation 
V2 (Optional) 

EXORmacs 
M68KCHAS/D4 EXORmacs Chassis User's Manual 
M68KDIOPP/D2 EXORmacs S/W Interface for Data 

1/0 PROM Programmer User's 
Guide 

M68KEMM/D3 EXORmacs Maintenance Manual 
M68KMACS/D9 EXORmacs System Operations 

Manual 
M68KMACSCM/D1 EXORmacs Development System 

Hardware/Software Configuration 
Manual 

M68KMACSRKlD1 EXORmacs ChassIs Rack Mounting 
M68KRDS/D2 EXORmacs System Remote 

Development Station 

EXORmacs 
(cont.) 

M68KUSE/D2 EXORmacs User's System Emulator 
(Single-User) 

M68KMACSBG/D1 EXORmacs System MACSbug 
Monitor Ref. Manual 

HDS-400 

M68HDS4EM1/D1 HDS-400 MC68000 Emulator Module 
User's Manual 

M68HDS4EM2/D1 HDS-400 MC68008 Emulator Module 
User's Manual 

M68HDS4EM3/D1 HDS-400 MC68010 Emulator Module 
User's Manual 

M68HDS4FB1/D1 HDS-400 MC68000 Family Interface 
Module User's Manual 

M68HDS4MM1/D1 HDS-400 Emulation Memory Module 
User's Manual 

M68HDS40M/D3 HDS-400 Hardware Development 
Station Operations Manual 

M68HDS4UM/D3 HDS-400 Hardware Development 
Station User's Manual 

BUS STATE ANALYZER 

M68KBSAlD6 Real-Time Bus State Analyzer User's 
Manual 
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FIELD AND 
FACTORY SERVICE 

Consistent with its responsibility as a leading producer of 
quality components for 16/32-Blt Microcomputer Systems, 
Motorola offers ItS customers both field and factory service 
of the highest quality This service is provided In North Amer
ica by Four Phase Systems, a Unit of the Motorola Information 
Systems group. Four Phase Systems utilizes a support staff 
of more than 1500 to proVide service at 162 locations na
tionwide. Four Phase offers on-site Installation and mainte
nance, scheduled maintenance and factory exchange and 
repair services. 

QUICK RESPONSE REPAIR/SPARE PARTS 
For Mlcrosystems products, a qUick response nationwide 

to requests for service and for selected repairlspare parts IS 

TECHNICAL 
TRAINING COURSES 

Standard Courses 
Motorola Technical Training courses are scheduled 

throughout the world, with courses in the United States, Can
ada, Mexico, Europe and ASia. The schedule is advertised 
periodically, and information is always available from the 
training headquarters in Phoenix. Currently offered courses 
are tabulated below. 

MTTl Basic MC6800 Family 

MTT2 MC6801 BasIc Course 

MTT3 MC6809 Update 

MTT5 MC6801 Update 

MTT6 MC6805 Introductory Course 

MTT7 Understanding Microprocessor Basics 

MC68000 Minicourse on Cassette 

MTT8 MC68000 16/32-bIt Microprocessor Family 

MTT10 8-blt Development Systems 

MTTll Basic MC6809 

MTT12 Pascal 

provided by the Four-Phase National Dispatch Center at the 
address given below. Telephone assistance can be obtained 
through the Four-Phase Technical Phone Support Center at 
(800) 528-1908 which has access to the extensive data bank 
of the Four-Phase Product Support Center. Quotations on 
repalrlspare parts and service can be obtained from: 

Four Phase Parts Sales 
2200 Martin Avenue 
Santa Clara, CA 95052 
(800) 538-9660 
(800) 662-9211 (California Only) 

APPLICATIONS ENGINEERING 
Applications engineenng assistance IS available through a 

network of over 50 Motorola Semiconductor Sales Offices In 
North America. In addition, the Four-Phase tOil-free holline 
prOVides a means of obtaining answers to questions on the 
use of Motorola-supported hardware and software products. 

MTT13 EXORmacs VERSAdos Course 

MTT15 RMS68K1VERSAdos Operating System 

MTT16 Virtual System Course (MC68010) 

MTT17 

MTT18 

MTT19 

MTT20 

MTT21 

MTT22 

MTT23 

MCA Basic CAD Course 

SYSTEM V/68 (UNIX") 

Designing with VERSAmodulesNMEmodules 

MC68020 Course 

To Be Announced 

To Be Announced 

VMEll0 VERSAdos Course 

COURSES AT YOUR OWN LOCATION: 
A special session of any Motorola Technical Training 

course may be held at your facility. ThiS can be one of our 
standard courses or a course deSigned to fulfill your particular 
needs. For detailed information and scheduling, contact train
ing headquarters. 

MOTOROLA TECHNICAL TRAINING 
HEADQUARTERS 

Telephone (602) 244-7126 or (602) 244-4945 
Ray Doskocil, Motorola Technical Training 
Mail Drop HW68, P.O. Box 2953, Phoenix, AZ 85062 
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Table of M68000 Family Devices for 16/32-Bit Microcomputer System Design 

Device Description 

MC68120 Intelligent Peripheral Serial communications Interface with 21 parallel I/O lines, 128 bytes dual port RAM, 
Controller (IPC) programmable timer, 2K bytes ROM 

MC68121 Same as MC68120 without ROM 

MC68153 BUS Interrupter Fully programmable module interfaces four sources of interrupt requests to system 
Module (BIM) bus 

MC68172 VMEbus Controller The E-BUSCON performs VMEbus/local bus arbitration, VMEbus requests, bus 
(E-BUSCON) transceiver control and guarantees VMEbus timing, 

MC68173 VMSbus Controller The S-BUSCON interfaces the high-speed serial peripheral VMSbus to VMEbus. 
(S-BUSCON) 

MC68174 VMEbus Arbiter The E-BAM performs round-robin and four level (VMEbus systems) and round-robin 
(E-BAM) and five level (VERSAbus systems) priority arbitration. 

MC68230 Parallel Interface/ Provides programmable parallel I/O and common timer requirements for 
Timer (PIIT) microprocessor-based systems 

MC68440 Dual Channel DMA Provides DMA support for MC68000 systems with two Independent DMA channels 
Controller (DDMA) 

MC68450 DMA Controller Provides DMA support for M68000 systems with four Independent DMA channels 
(DMAC) 

MC68451 Memory Management Provides dynamic allocation, dynamic relocation, and resource protection for 
Unit (MMU) multluser/multltask M68000 systems 

MC68452 Bus Arbitration Provides control of microprocessor bus for multiple master systems 
Module (BAM) 

MC68454 Intelligent Multiple Provides support for either floppy or hard disk dnves 

• Disk Controller (IMDC) 

MC68486 Raster Memory The RMI and RMC comprise the Motorola Raster Memory System (RMS) which 
Interface (RMI) performs most of the functions required by a bit-mapped or object-onented color 
MC68487 Raster Memory graphics or alphanumeric display system. 
Controller (RMC) 

MC68562 Dual Universal Serial The MC68562 controls two completely independent full duplex receiver/transmitter 
Communication Controller channels using any major communication protocol. 
(DUSCC) 

MC68590 Local Area Network Provides IEEE 802.3 Specification support and full M68000 Interface 
Controller-Ethernet (LANCE) 

MC6B653 Polynomial Generates and checks error correcting codes 
Generator/checker (PG/C) 

M68661 Enhanced Peripheral Single channel serial I/O device which handles asynchronous and byte control 
Communications Interface protocols 
(EPCI) 

MC68681 Dual Universal Provides dual channel asynchronous protocol serial I/O control 
Asynchronous Receiver/ 
Transmitter (DUART) 

MC68851 Paged Memory The MC68651 PMMU is a 32-bit memory manager which provides full support for a 
Management Unit (PMMU) demand-paged virtual environment. 

MC68881 Floating Point The MC68881 FPCP provides full support for IEEE-specified (Revision 10.0) floating 
CoProcessor (FPCP) point high level math functions. 

MC68901 Multi-function Provides single channel USART, programmable Interrupt controller,four timers and 
Peripheral (MFP) eight parallel I/O lines 
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Part Number 

VERSAmoduias 

M68KVM01A1 

MSBKVM01A2 

M68KVM02-3 

M6BKVM03 

M68KVM10-3 

M68KVM11-1 

M68KVM11-2 

M68KVM2O 

M68KVM21 

M6BKVM30 

M6BVM33 

MSBKVM60 

M68KVMBO-1 

M6BKVM80-4 

• VMEmodulas 

MVME025 

MVME101 

MVME110-1 

MVME115M 

MVME200 

MVME201 

MVME202 

MVME210 

MVME211 

MVME300 

MVME310 

MVME315 

MVME320 

MVME330 

Table of Module Current Requirements 

Description 

VERSAmodule Monoboard 
Microcomputer (32K RAM) 

VERSAmodule Monoboard 
Microcomputer (64K RAM) 

VERSAmodule Monoboard 
Microcomputer 

VERSAmoduie Monoboard 
Microcomputer 

VERSAmodule 12BK Byte RAM 

VERSAmoduie 25SK Byte RAM 

VERSAmodule 512K Byte RAM 

VERSAmodule Floppy Disk 
Controller 

VERSAmodule Universal Disk 
Controller 

VERSAmodule Mul~-Channel 
Communication 

VERSAmodule Ethernet Controller 

VERSAmoduie Universal Intelligent 
Peripheral Controller 

VERSAmoduie Combination 
Memory, I/O, Time of Day Clock 

VMEmodule System Controller 

VMEmodule Monoboard 
Microcomputer 

VMEmodule Monoboard 
Microcomputer 

VMEmodule Monoboard 
Microcomputer 

VMEmodule 64K Byte DynamiC 
RAM 

VMEmodule 256K Byte Dynamic 
RAM 

VMEmodule 512K11 M/2M Byte 
DynamiC RAM 

VMEmodule Static RAM/ROM 

VMEmodule Static RAM/ROM 

VMEmodule GPIB Controller w/ 
DMA 

VMEmodule Univ. Intelligent 
Peripheral Controller wlWW 

VMEmodule Univ. Intelligent 
Peripheral Controller w/SASI & FD 

VMEmodule Winchester/Floppy 
Disk Controller 

VMEmodule Ethernet Controller 

Current (TyplcallMaxlmum) 
Requlremenla 

+5Vdc +12 Vdc -12 Vdc 

5.0 AlB.4 A 200 mAl500 mA 100 mAl1S0 mA 

5.0 AlB.4 A 200 mAiBOO mA 100 mAl1S0 mA 

5.5 AlS.4 A 45 mAl55 mA 35 mAl45 mA 

S.B AlB.2 A 45 mAl55 mA 35 mAl45 mA 

2.9 Al3.5 A 148 mAl741 mA 7.3 mAl9.1 mA 

5.S Al6.B A - -
5.S AlS.B A - -
3.5 Al42 A 110mAl135mA 70 mAl85 mA 

12 Al14.5 A 50 mAl75 mA SOO mAl750 mA 

4.0 Al4.B A 250 mAl300 mA 200 mAl250 mA 

4.0 Al4B A BOO mAl1 0 A 100 mAl200 mA 

7.0 AlB.4 A 50 mAl75 mA 50 mAl75 mA 

4.25 Al5.1 A 55 mAl100 mA 40 mAiBO mA 

4.SB Al5.S A 55 mAl100 mA 40 mAiBO mA 

0.4 AlO.5 A - -
2.0 Al3.0 A 25 mAl50 mA 25 mAl50 mA 

2.1 Al2.4 A 25 mAiSO mA 25 mAl50 mA 

2.5 A!3.0 A 40 mAl50 mA 20 mAl30 mA 

2.0 Al2.7 A B4 mAl500 mA 5 mAlS.5 mA 

2.5 A!3.3 A - -
2.6 mAl3.0 mA - -
0.9 Al1.4 A 30 mAl50 mA 3.9 mAlS.5 mA 

1.0 Al1.7 A - -

2.5 A!3.3 A - -

2.S A!3.4 A - 25 mAl50 mA 

3.S Al4.5 A 25 mAiSO mA 25 mAl50 mA 

2.6 A!3.0 A 20 mAl30 mA 20 mAl30 mA 

3.B Al4.S A SOO mAl1.0 A 100 mAl200 mA 

Comments 

Fully populated 

Fully populated 

Fully populated 

Fully populated 

± 12 V currents are standby/ 
operating (maximum) 

Includes two board set 

± 12 Vdc does not Include 
RS-232 port loads . 

Does not include ROM's 

Does not include ROM's, 
RAM active 

All eight sockets unpopulated. 
± 12 Vdc does not include 
RS-232 pOrl ioads. 

All eight sockets unpopulated. 
± 12 Vdc does not include 
RS-232 port loads. 

-

All sixteen sockets 
unpopulated. 

Unpopulated, 2.5 mW for 
battery back up. 
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Part Number 

I/Omodules 

MVME400 

MVME410 

MVME420 

MVME435 

MVME600 

MVME601 

MVME605 

MVME610 

MVME615/616 

MVME620 

MVME625 

M6SRADI 

M68RI01, -2 

M6SRWINH, -2 

Table of Module Current Requirements (continued) 
Current (TyplcaI/Maxlmum) 

Requirements 

Description +5 Vdc +12 Vdc -12 Vdc 

Dual Serial Port I/Omodule 0.45 M 0 A 50 mAll00 mA 40 mAiSO mA 

Dual Parallel Port I/Omodule 0.76 All 0 A - -
SASI Peripheral Adapter I/Omodule 0.75 All.0 A - -
Magnetic Tape Adapter I/Omodule I.S Al2.4 A - -
Analog Input I/Omodule 0.65 AlO 75 A 4.5 mAl5 mA 26 mAl30 mA 

Analog Input Extender I/Omodule 0.65 AlO.75 A - -
Analog Output I/Omodule 1.0 AlII A 60 mAl60 mA 110 mAlll0 mA 

Opto Isolated 120 V/240 Vac O.S AlO.9 A - -
I/Omodule 

Opto Isolated 120 V/240 Vac 0.4 AlO 7 A - -
Output I/Omodule 

Opto Isolated 60 Vdc IIOmodule O.S AlO.95 A - -
Opto Isolated 60 Vdc Output 04A10.7A - -
IIOmodule 

Remote Intelligent AID Conversion 1.7M.9A 12 mAl15 mA 6 mAil 0 mA 
IIOmodule 

Remote Input/Output I/Omodule 0.76 M.5 A - -
Winchester Disk Controller 4.0 Al60 A - . 
I/Omodule 

Table of Supplied Currents 

Comments 

± 12 Vdc does not include 
RS-232 port loads. 

Unit requires + 15 Vdc at 105 
mA & -15 Vdc at 90 mA. 
Opt. dc/dc conv. req. 5 Vdc 
at 1 A 

Fully populated 

• Also requires - 5 Vdc or - S 
to - 20 Vdc at 90 mA max . 

Current Provided 

VERSAmoduie System Packaging +SVdc I +12 Vdc I -12 Vdc 

I MVMCH3-1 I 8-Slol Chassis wilh 400 Watt Power Supply 60 A I 8A I 6A 

Eurocard System Packaging 

MVME91 0-3 200 W Plug-in Chassis Power Supply 
90Vl0270V 30 A 3A lA 

MVME940-1 19" Wide ChassiS w/200 W Swilching PIS, 9-Slol VMEbus 
Backplane, 2 each 5-s101 1/0 Channel Backplanes 30 A 3A lA 
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Device No. 

HDS·400 

MVMCC3 

MVMCH3-1 

MVMCH3-2 

MVMEBUG 

MVMEBUGI 

MVMEBUG2 

MVME025 

MVME10l 

MVME101BUG 

MVMEI 01 BUGLF 

MVMEI 01 BUGLC 

MVMEll0-l 

MVME115M 

MVME200 

MVME201 

MVME202 
MVME222-1 
MVME222-2 

MVME211 
MVME300 

MVME310 

MVME315 

MVME320 

MVME330 

MVME400 

MVME410 

MVME420 

MVME435 

MVME600 

MVME601 

MVME605 

Description 

Hardware/Software 
Development Station ... 

VERSAmoduie 8-Slot Card 
Cage ............... . 

VERSAmoduie 8-Slot 
Chassis. . . . .. .. 

VERSAmoduie 8-Slot 
Chassis. . . . .. . ..... . 

VMEbug Debugging Package 
for MVMEll0-l ..... . 

VMEbug Source Object 
Modules on VERSAdos 
Diskette. . . . . .. .. 

VMEbug Source Object 
Modules on VERSAdos 
Cartndge. . . . .. .. 

System Controller 
VMEmodule .... 

VMEmodule Monoboard 
Microcomputer. .. 

Debugging Package for 
MVME10l MPU 
Module. . . . . . . . .. . .. 

101 bug Source Object Module 
on VERSAdos Diskette ... 

101 bug Source Object Module 
on VERSAdos Cartridge. 

VMEmodule Monoboard 
Microcomputer ..... . 

VMEmodule Monoboard 
Microcomputer ........ . 

64K Byte DynamiC RAM 
Module. . . . . . . . . .. .. 

256K Byte DynamiC RAM 
Module. .. .. .. . .. 

Dynamic RAM Modules 
See MVME202 ....... . 
See MVME202 ........ . 

Static RAM/ROM Module .. 
IEEE-488 LlstenerlTalkerl 

Controller Module . . .. .. 
Intelligent Penpheral 

Controller Module ..... 
Intelligent Peripheral Interface 

Module. . . . . . . .. .. 
Wlnchester/Floppy Disk 

Controller. . . . . . .. . .. 
Ethernet Node Processor/LAN 

Controller Module ..... . 
Dual Port RS-232C 

Communications 
Module ........ . 

Dual 16-BIt Parallel 1/0 
Module. . . . .. .. 

SASI Penpheral Adapter 
Module. .. .. . ..... . 

Buffered 9-Track 1/2" 
Magnetic Tape Adapter 

12 bit ND, 1/0 Channel 
Module ............. . 

Expander Module for 
MVME600 ........... . 

12-Bit D/A 1/0 Channel 
Module. . .. ...... .. 

Page No. 

5-2 

2-3 

2-3 

2-3 

1-2 

1-2 

1-2 

1-6 

1-8 

1-17 

1-17 

1-17 

1-20 

1-27 

1-31 

1-31 

1-37 
1-37 
1-41 

1-44 

1-52 

1-57 

1-63 

1-67 

3-2 

3-6 

3-10 

3-15 

3-23 

3-23 

3-35 
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Device No. 

MVME610 

MVME615 

MVME616 

MVME620 

MVME625 

MVME91 0-3 

MVME920 
MVME921 
MVME922 

MVME930 

MVME931-1 

MVME932 
MVME933-1 
MVME935 
MVME940-1 

MVME941 

MVME942 

M68BSAC 

M68BSACE 

M68BSA1-l 

M68BSA5 

M68KEXTM 

M68KMACS 

Description 

NC Input 1/0 Channel 
Module ............. . 

NC Output 1/0 Channel 
Module (zero x-over) ..... 

NC Output 1/0 Channel 
Module (Phase Angle) .... 

DIC Input 1/0 Channel 
Module ............. . 

DIC Output 1/0 Channel 
Module. . . . . . . . . .. .. 

VMEmodule 200 Watt 
Switching Power Supply. 

20-Slot VMEbus Backplane .. 
9-Slot VMEbus Backplane ... 
5-Slot 1/0 Channel 

Backplane ...... .. 
VMEbus Extender 

Module, Double High ... 
VMEbus Wlrewrap Module, 

Double High. . .. . .. 
1/0 Channel Extender Module 
1/0 Channel Wirewrap Module 
Remote 1/0 Connector Board 
9-Slot VMEbus, 10 Slot 1/0 

Channel ChaSSIS with 200 
Watt Switching Power 
Supply .............. . 

9-Slot VMEbus, 10-Slot 1/0 
Channel Card Cage .. .. 

20-Slot VMEbus Card 
Cage ............. . 

Bus State Analyzer Control 
Module. . . . . . . ..... 

Bus State Analyzer Control 
Module with Enclosure ... 

MC68000/68010/68451 
Personality Module . .. .. 

Real-Time VERSAbus State 
Analyzer Personality 
Module ........... . 

VERSAbus Extender 
Module. ....... . .. 

MC68000 EXORmacs 
Development System ..... 

M68KVAM VERSAbus Adapter 
Module. . .. ... . .. 

M68KVBUG VERSAbug Debugging 
Package for M68KVMOI ... 

M68KVBUGLC VERSAbug Source/Object on 
Cartridge. . . .. ... . .. 

M68KVBUGLF VERSAbug SourcelObject on 
Diskette. . . . .. . ..... . 

M68KVBUG2 VERSAbug Debugging 
Package for M68KVM02 .. 

M68KVBUG2LC VERSAbug Source & Object 
on VERSAdos Cartridge ... 

M68KVBUG2LF VERSAbug Source & Object 
on VERSAdos Diskette .... 

M68KVBUG2LMC VERSAbug Source & Object 
on VERSAdos Lark 
Cartridge ............ . 

M68KVBUG3 VERSAbug Debugging 
Package for 
M68KVM03 ......... . 

Page No. 

3-41 

3-47 

3-47 

3-51 

3-57 

1-77 
1-77 
1-77 

1-77 

1-77 

1-77 

1-77 

1-77 

1-77 

5-27 

5-27 

5-31 

5-37 

2-9 

5-42 

2-10 

2-14 

2-14 

2-14 

2-14 

2-14 

2-14 

2-14 
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Device No. 

M68KVBUG3LC 

M68KVBUG3LF 

M68KVM01A 

M68KVM01A2 

M68KVM02-3 

M68KVM03-1 

M68KVM03-3 

M68KVM03-4 

M68KVM03-5 

M68KVM04-1 

M68KVM10-2 

M68KVM10-3 

M68KVM11-1 

M68KVM11-2 

M68KVM12 

M68KVM12-2 

M68KVM13-1 

M68KVM13-2 

M68KVM20 

M68KVM21 

M68KVM22 

Description 

VERSAbug Source and 
Object on VERSAdos CMD 
Cartridge. . .. . ...... . 

VERSAbug Source and 
Object on VERSAdos 8" 
Diskette 

MC68000 16-Blt Monoboard 
MCU + 32K Bytes 
RAM ........... . 

MC68000 16-Blt Monoboard 
MCU + 64K Bytes 
RAM... ..... 

MC68000 16-Bit Monoboard 
MCU + 128K Bytes 
RAM... .. ....... 

MC68010 16-Blt Monoboard 
MCU + MC68451 MMU 
+ 256K Bytes RAM ..... . 

MC68010 + 256K Bytes 
RAM ........... .. 

MC68010 16-Bit Monoboard 
MCU + MC68451 MMU 
+ 1024K Bytes RAM ..... 

MC68010 16-BII Monoboard 
MCU + 1024K Bytes 
RAM .............. . 

32-Bit Monoboard MCU + 
MC68020 CPU ........ . 

64K Byte VERSAbus RAM 
Module. . . ....... . 

128K Byte VERSAbus RAM 
Module ............. . 

256K Byte VERSAbus RAM 
Module ............. . 

512K Byte VERSAbus RAM 
Module. . . . .. . ..... . 

1 M Byte VERSAbus RAM 
Module. . . .. . ..... . 

4096K Byte VERSAbus RAM 
Module.. . ......... . 

1 M Byte VERSAbus RAM 
Module.. ...... . .. . 

4 Mbyte VERSAbus RAM 
Module. . . . . . . ... 

Intelligent Floppy Disk 
Controlier. . . . . . . .. . .. 

Intelligent Universal Disk 
Controlier. . . . . ..... 

Disk Controller .......... . 

Page No. 

2-20 

2-20 

2-31 

2-31 

2-51 

2-67 

2-67 

2-67 

2-67 

2-74 

2-82 

2-82 

2-85 

2-85 

2-89 

2-89 

2-92 

2-92 

2-96 

2-100 
2-108 
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Device No. 

M68KVM30 

M68KVM33 

M68KVM80-1 

M68KVM80-4 

M68KVMPM1 

M68KWW 

M68KV020BES1 

M68KV020BES2 

M68KORMS68K 

M68KOVDOS 

M68K102-B1 

M68K102C1 

M68K102D1 

M68K2RBBUG4 
M68NNCBSV 

M68RAD1-1 

M68R101-1 

M68RSC1 

M68RSC2 

M68RWIN1 

Description 

Multi-Channel 
Communications Module .. 

Ethernet Node Processor/LAN 
Controlier Module ...... . 

Combination Memory, I/O and 
Time-ol-Day Clock 
Expansion Module without 
RAM.. ...... .. ... 

Combination Memory, I/O and 
Tlme-ot-Day Clock 
Expansion Module w/128K
Bytes Dynamic RAM ..... 

VERSAmoduie Power 
Monitor ............. . 

VERSAbus Wirewrap 
Module ............. . 

115 Vac High Performance 
Evaluation Computer 
System ............. . 

230 Vac High Performance 
Evaluation Computer 
System ............. . 

MC68000 Real-Time Multi
Tasking Software (Object) 
on VERSAdos 

- Diskette.. . ......... . 
M68000 VERSAdos RT/MT 

Oper. Syst. Object Code On 
VERSAdos Diskette. . ... 

VME/10 System with 5Mb 
Winchester. .......... . 

VME/10 System with 15Mb 
Winchester. ......... . 

VME/10 System with 40Mb 
Winchester. .......... . 

020 Resident Debug Package 
SYSTEM V/68 Object Code 

on two CMD Cart.. .. . . 
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